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TUDIES on animals have shown that purified adrenocorticotropic 

hormone (ACTH) of the anterior lobe of the pituitary body is able 
to stimulate the adrenal cortex of the intact or hypophysectomized animal 
to increased function and produce results similar to those that have been 
produced by administration of crystalline adrenocortical hormones (2, 11, 
14, 16, 28, 39, 40, 41, 51, 52). The primary aim of this study was to deter- 
mine what changes might occur in the excretion of urinary steroids as the 
result of administration of ACTH to a normal human subject. Observations 
also were made on many other factors that are known to be influenced by 
activity of the adrenal cortex. 
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It is well known that most patients with tumors or hyperplasia of the 
adrenal cortex excrete abnormally large amounts of 17-ketosteroids in the 
urine (9, 15, 36). Under conditions which presumably stimulate the adrenal 
cortex to increased activity, an increased excretion of material with chemi- 
cal and physiologic properties similar to those of the 11-oxygenated hor- 
mones of the cortex has been observed (6, 50). Relatively large amounts of 
pregnanediol have been found in the urine in cases in which hyperfunction 
of the adrenal cortex has been associated with an absence of ovarian func- 
tion (33). Estrone has been isolated from extracts of the adrenal gland (1) 
and in a few instances, large amounts of estrogens have been found in the 
urine in cases of tumor of the adrenal cortex (19, 20, 33). These observations 
suggested that stimulation of the adrenal cortex with ACTH would result 
in an increase in the excretion of 17-ketosteroids and cortin-like material 
and possibly in the excretion of increased amounts of estrogen and preg- 
nanediol. Determinations of the quantitative variations in these urinary 
steroids were made and, so far as it was possible to do so by isolation pro- 
cedures, the qualitative variations were studied. 

In Cushing’s syndrome, which is believed to result from hyperfunction 
of the adrenal cortex, the following changes in the blood have been ob- 
served: an increase in the concentration of sodium and bicarbonate in the 
plasma (54), a decrease in the concentration of potassium and chloride in 
the plasma, and polycythemia (12). The following changes have been 
observed after tlie administration of adrenocorticotropic hormone to 
animals: an involution of lymphoid tissue, a decrease in the number of 
circulating lymphocytes (11, 14, 41), a polymorphonuclear leukocytosis, an 
increase in the 6-globulin and y-globulin fractions of the plasma proteins 
(53), an increased excretion of nitrogen (22, 24), and, under some circum- 
stances, a glycosuria (26). Many of these effects have been produced in 
animals by administration of crystalline adrenocortical hormones (25). 

An increase in the production of the 1l-oxygenated hormones of the 
adrenal cortex might be expected to cause changes in carbohydrate metab- 
olism which would result in a decreased tolerance for glucose and an in- 
creased resistance to insulin (23). An increased production of compounds 
like desoxycorticosterone would be expected to cause a retention of sodium, 
chloride and bicarbonate and an increased excretion of potassium (45). 


METHOD OF STUDY 


In order to avoid possible complications by testicular steroids, a woman 
was chosen as the subject for this study. The subject was a white, single 
woman who was thirty-two years of age and weighed 68 Kg. She was in 
good health; she had not had any serious illness and had not undergone an 
operation. Her menstrual periods were regular. She was maintained on a 
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constant diet in a unit designed for metabolic studies. She was observed 
for thirty-three days before the administration of the hormone was started. 

The adrenocorticotropic hormone was administered subcutaneously in 
five equal doses between 7:30 a.m. and 11:30 p.m. The initial daily dose 
was 25 mg. Since a definite effect was not observed during the first six days, 
the daily dose was increased to 50 mg. for six days and then, after an inter- 
val of five days, to 100 mg. This dose was administered for 11.5 days. 

The hormone was prepared by the procedure of Li, Evans and Simpson 
(29). It was dissolved in a 0.9 per cent solution of sodium chloride. The 
first preparation, which contained 5 mg. of the hormone per milliliter, was 
sterilized by passage through a Berkefeld filter. Since there appeared to be 
some loss of protein on the filter, subsequent preparations were heated one 
hour in a boiling water bath. The concentration of the hormone was in- 
creased to 10 mg. per milliliter. The solution of ACTH was stored in the 
refrigerator when not in use. 

The amount of 17-ketosteroids excreted in the urine was determined by 
the method of Callow, Callow and Emmens (10) and by application of the 
correction equation of Talbot, Berman and MacLachlan (43). The urinary 
steroids were isolated by the procedures described by Mason and Kepler 
(33). The amount of cortin-like substances was determined in the following 
manner. The urine was extracted and the extract was washed according 
to the procedure of Talbot, Saltzman, Wixom and Wolfe (44). The crude 
extract was separated into ketonic and nonketonic fractions with the aid of 
Girard’s reagent T. The amount of a-ketol in the ketonic fraction was 
determined essentially by the method described by Lowenstein, Corcoran 
and Page (31). 

The value for the pregnanediol excreted in the urine was determined by 
the method of Venning (49), the value for estrogen* was determined by 
the procedure of Smith and Smith (42) and the value for the gonadotropin 
was determined by the method of Frank (21). 

The glucose tolerance test was performed in the following manner. 
After a specimen of blood had been removed for determination of the value 
for the blood sugar, 0.1 Gm. of p-glucose per Kg. of body weight was ad- 
ministered intravenously, in the form of a 20 per cent solution, over a 
period of thirty minutes. Subsequent determinations of the concentration 
of blood sugar were made at intervals of thirty, sixty, ninety, a hundred 
and twenty, a hundred and fifty, and a hundred and eighty minutes after 
completion of the injection. 

The following technic was used in performing the insulin tolerance test. 





* We are indebted to Dr. Alexander Albert for the assays of urinary estrogen and 
gonadotropin. 





4 MASON, POWER, RYNEARSON, CIARAMELLI, LIAND EVANS Volume 8 


After a specimen of blood had been removed for determination of the value 
for the blood sugar, 0.1 unit of regular insulin per Kg. of body weight was 
injected intravenously. The concentration of the blood sugar was deter- 
mined at intervals of twenty, thirty, forty-five, sixty, ninety and a hundred 
and twenty minutes after the injection. 

The values for the electrolytes, creatine, creatinine and total nitrogen in 
the blood and urine were determined by standard methods. The carbon 
dioxide content of plasma collected under oil was determined by the 
method of Van Slyke and Neill (48). The values for the plasma cholesterol 
and cholesterol esters were determined by the methods of Bloor (3), and 
Bloor and Knudson (4), respectively. The value for the ascorbic acid was 
determined by the method of Pijoan and Klemperer (37). The value for the 
serum protein and the albumin-globulin ratio were determined by Kings- 
ley’s (27) method. The value for the blood urea was determined by Mar- 
shall’s method as modified by Van Slyke and Cullen (47). The value for the 
blood sugar was determined by the method of Folin and Wu (18); that for 
the serum alkaline phosphatase was determined by Bodansky’s (5) method 
and that for the serum uric acid was determined by Folin’s method (17). 


RESULTS AND COMMENT 

The injections of ACTH caused a local reaction which consisted of red- 
ness, burning and itching followed by soreness. After a few days the red- 
ness was replaced by a brownish discoloration which persisted for a month 
or two. When the daily dose of the hormone was increased to 100 mg., the 
subject became pale, listless and apathetic, and complained of generalized 
malaise, and of vague aches and pains which resembled those which occur 
during the onset of influenza. These symptoms disappeared after three days. 
About this time, a mild pitting edema occurred in the ankles and in the 
pretibial region, the weight increased to 69.5 Kg. and severe acne appeared 
on the face. After administration of the hormone was discontinued, the 
extra weight was lost rapidly and the edema and acne began to disappear. 
The acne, however, disappeared very slowly and was still evident one 
month later. 

The hormone had a most striking effect on the urinary excretion of 17- 
ketosteroids and cortin-like material (Table 1). For isolation of steroids, 
urine was collected for thirty-nine days before the subject was placed 
under the controlled conditions of the metabolic unit. Five determinations 
of the 17-ketosteroids were made during this period. The results of these 
determinations are included in the average values for the control period. 
During the control period, seven twenty-four hour specimens were used for 
determining the value for the 17-ketosteroids. 

In the first two periods during which ACTH was administered there 





January, 1948 PITUITARY ADRENOCORTICOTROPIC HORMONE 


TABLE 1. Errect oF SUBCUTANEOUS ADMINISTRATION OF ADRENOCORTICOTROPIC 
HORMONE ON THE URINARY EXCRETION OF 17-KETOSTEROIDS 
AND CorTIN-LIKE SUBSTANCES 








d | Cortin-like 
ACTH, mg. | 17-Ketosteroids,| Substances 
Period of Study Administered | mg. Excreted mg. Excreted 
Per Day Per Day Per Day 





Thirty-three days* None 4.84 0.180 
(control period) (3 .9-6.2)T (0 .174—-0.186) f 





Six days 25 5.62 | 0.255 
(4.9-6.6)+ (0 ..229-0 274) t 





Six days 5.95 | 0.387 
(4.0-7.3)f (0. 282-0. 450) f 





Five days None 6.6 0.243 
(4.8-8.5)t (0 ..232-0 .252)¢ 





.556 
.577 
952 
.090 
.050 
.440 
.020 
797 


Ist day 100 10.5 
2nd day 100 10.7 
4th day 100 
Twelve days 6th day 100 13. 
7th day 100 12. 
8th day 100 15. 
10th day 100 15. 
12th day 50t i. 


Orreee ooo 








105 
. 166 
.179 
.199 


Ist day None ; | 
Six days 2nd day None | 

3rd day None ; 
6th day None - 


ooo o 














* The excretion of 17-ketosteroids was determined for an additional period of thirty- 
nine days. 

7 Range of values. 

t Amount administered during first half of day. 


appeared to be a small increase in the average value of the 17-ketosteroids 
but the change was too small to be significant particularly when the values 
were compared with those obtained in the five day interval between the 
periods during which 50 mg. and 100 mg. of the hormone were administered. 
Administration of 100 mg. of ACTH was necessary to produce an unequiv- 
ocal increase in the output of the 17-ketosteroids. The peak value of 15.5 
mg. was more than three times the average control value. 

The excretion of cortin-like substancés increased significantly even dur- 
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ing the period when the smallest amount of the hormone was administered. 
The amount of cortin-like substances finally reached a peak of 1.44 mg., 
which was eight times the average control value. The immediate decrease 
which occurred in the excretion of 17-ketosteroids and cortin-like substanc- 
es when administration of the hormone was discontinued is noteworthy. 
Even the decrease in the amount of hormone to 50 mg. on the twelfth day 
of the last period of administration of the hormone resulted in a correspond- 
ing decrease in the excretion of these steroids. 

Pregnanediol was not present in the urine in determinable amounts 


TABLE 2. URINARY EXCRETION OF STEROIDS BEFORE AND DURING THE 
ADMINISTRATION OF ADRENOCORTICOTROPIC HORMONE 





Amount Excreted 





, : During First 30 Davs 
During Control Period | After Administration of 


Steroids of 72 Days Hormone Was Started 
Isolated 





Total Mg. Total Mg. 
Weight, Excreted Weight, Excreted 
mg. Per Day mg. 








Androsterone 19. 
Etiocholanolone | F 
Pregnanediol | 34. 
Cholesterol | 4 














during the first part of the menstrual cycle in either the control period or 
the period when 100 mg. of ACTH was administered. In the latter part of 
the cycle, a maximum of 7 mg. was found during both periods. Evidently 
the adrenal cortex was not stimulated to produce a sufficient amount of 
progesterone or other precursors of pregnanediol to permit detection of the 
latter substance in the urine when the ovarian. production of progesterone 
was nil. 

The excretion of estrogen and gonadotropin remained within the normal 
range throughout the study. 

Isolation of the urinary steroids gave the results summarized in Table 2. 
It will be noted that the amounts of androsterone and etiocholanolone 
that could be isolated, calculated as milligrams per day, increased approxi- 
mately four and ten times, respectively, whereas the amount of pregnane- 
diol remained unchanged. The significance of the presence of cholesterol 
in the urine is obscure. The decreased amount that could be isolated during 
the period when ACTH was administered may possibly be correlated with 
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the decreased concentration of cholesterol in the plasma. A careful search 
was made for 11-hydroxyandrosterone. This substance has been obtained 
in relatively large amounts from the urine of patients with hyperfunction- 
ing lesions of the adrenal cortex (33, 35) and the appearance of this sub- 
stance in the urine or an increase in the amount previously present would 
have been considered additional evidence of an increased production of 
1l-oxygenated steroids by the adrenal cortex under the stimulus of 
ACTH. It could not be found either before or after administration of the 
hormone. Likewise, dehydroisoandrosterone could not be found in either 
period. Digitonin failed to give a precipitate with the ketonic fractions of 
the extracts and also with the eluates of the chromatographic column 
which preceded the eluates containing androsterone. Dehydroisoandros- 
terone is eluted just before androsterone and sometimes several fractions 
are mixtures of the two substances. Dehydroisoandrosterone is considered 
to be a product of the adrenal cortex since it often appears in the urine 
in large amounts in cases of adrenocortical tumor (33). However, it is 
readily converted to androsterone and etiocholanolone (32, 34). If an 
increased production of this substance occurred as the result of stimulation 
of the cortex by ACTH, it was not sufficient to permit it to appear in the 
urine in detectable amounts. 

Thus, as far as could be determined by means of isolation, the qualita- 
tive pattern of the urinary steroids remained unchanged during adminis- 
tration of ACTH. The change in the quantitative relation between an- 
drosterone and etiocholanolone is interesting. It is generally considered 
that normally these two substances are excreted in approximately equal 
amounts (7, 8, 13). In this case, however, equal amounts were isolated only 
during the period when ACTH was administered. It may be that this result 
was due to some unrecognized discrepancy in the procedures of hydrolysis, 
extraction and isolation. 

The increased excretion of urinary 17-ketosteroids and cortin-like sub- 
stances under the influence of ACTH followed by the abrupt return of the 
excretion to control levels when administration of the hormone was dis- 
continued is considered to be unequivocal evidence that the adrenal cor- 
tices of this normal human subject were stimulated to a state of hyper- 
function by the ACTH. 

The chemical composition of the blood was changed very little during 
administration of 100 mg. of ACTH. There was no significant change in the 
concentration of sodium, potassium, chloride, phosphorus and nonprotein 
nitrogen. The carbon dioxide content of the plasma increased from 26.2 
to 29.6 milliequivalents per liter as shown in Fig. 1. Although this change 
is not great it is believed to be significant since the greatest change occurred 
when the subject received 100 mg. of ACTH and since the carbon dioxide 
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content of the plasma decreased again after administration of the hormone 
was discontinued. 

The concentration of plasma proteins, the albumin-globulin ratio, and 
the electrophoretic pattern of the proteins remained essentially unchanged. 
The value for the serum alkaline phosphatase remained within normal 
limits in contrast with the decrease which Li, Kalman, Evans and Simp- 
son (30) found in young rats treated with ACTH. The vitamin C content 
of the plasma varied between 1.2 and 1.5 mg. per 100 ml. during the peri- 
ods of control and of administration of ACTH. The value for the uric acid 
of the serum also was not affected by administration of ACTH. 





Adrenocorticotrophin 
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Fic. 1. Effect of ACTH on the carbon dioxide content of plasma. 


The concentration of plasma cholesterol appeared to be. affected by 
ACTH as shown in Table 3. It will be observed that the decrease occurred 
largely in the free cholesterol and that the values returned to the control 
level within six days after administration of the hormone was discontinued 
(last dose administered on December 13). An attractive suggestion is that 
the increased production of adrenal steroids resulted in withdrawal of 
cholesterol from the plasma for this purpose. This suggestion, of course, 
arises from the observation that stimulation of the adrenal cortex of ani- 
mals with ACTH results in a prompt decrease in its content of cholesterol 
(38). Presumably, the supply is replenished from the plasma. 
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. Dougherty and White (14) found that ACTH produced a lymphopenia 

and a polymorphonuclear leukocytosis in rats. Thorn, Prunty and For- 
sham (46) have recently reported similar observations in a man with mild 
pituitary insufficiency who was treated with ACTH. Such an effect was not 
obtained with our normal subject until she had received the hormone for 
twenty-two days. Even then, this effect was not observed until after the 
second dose of the day had been administered and the effect lasted less than 
three hours. In view of the previous lack of effect, it seems questionable 
that this single result can be attributed to the action of ACTH. 


TaBLE 3. Errect oF SUBCUTANEOUS ADMINISTRATION OF ADRENOCORTICOTROPIC 
HORMONE ON THE CONCENTRATION OF PLASMA CHOLESTEROL 








‘ Cholesterol, mg. Per 
ACTH, mg. 100 cc. of Plasma 
Date, 1946 Administered 
Per Day Total Cholesterol 
Cholesterol Esters 








None 247 127 
None 240 
25 247 142 
50 190 147 
None 217 133 
100 197 130 
100 217 139 
None 247 141 














An anemia developed rapidly during the period when the daily dose of 
ACTH was 100 mg. The value for the hemoglobin fell from 11.5 Gm. to 
8.55 Gm. per 100 ml. and the cell volume per cent fell from 37 to 30. The 
erythrocyte count remained quite constant. These results again are in 
disagreement with those of -White and Dougherty (52) who observed an 
elevation of the erythrocyte count and of the concentration of hemoglobin 
after prolonged administration of ACTH to rats. These results also are 
contrary to those expected from observations of patients with hyperfunc- 
tioning lesions of the adrenal cortex. 

The urinary excretion of sodium, potassium and chloride was not 
affected by administration of ACTH. There was possibly an increased 
excretion of nitrogen during the last seven days of the period when 100 
mg. of the hormone was administered. During this time the average daily 
excretion of nitrogen was 10.85 Gm. (10.1 to 11.5 Gm.) but on three days 
of the control period the average amount of nitrogen excreted daily was 
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10.61 Gm. (10.17 to 10.87 Gm.). Consequently, it is not certain that the 
increased excretion of nitrogen was caused by the ACTH although the 
over-all average daily excretion during the control period was 9.23 Gm. 

The excretion of creatinine nitrogen remained quite constant throughout 
the period of study. The values for the urinary creatine nitrogen, however, 
fluctuated widely. During the control period, between 48 and 201 mg. of 
creatine nitrogen were excreted per day. During the latter ten days of the 
period when 100 mg. of ACTH was administered, the range of values was 
13 to 77 mg. and the average value was 43 mg. During five days immedi- 
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Fic. 2. Blood sugar—time curves after a standard dose of insulin. 


ately after administration of the hormone was discontinued, the values 
ranged from 49 to 96 mg. and the average value was 71 mg. It appears that 
there was a definite decrease in the excretion of creatine nitrogen during 
administration of 100 mg. of ACTH. The appearance of acne during this 
period suggests that an extra amount of adrenal androgens was produced. 
Perhaps there was sufficient androgenic effect to influence the excretion of 
creatine. 

The measurable effect of the hormone on carbohydrate metabolism was 
not marked. The glucose tolerance test did not reveal any decreased toler- 
ance but the results of the insulin tolerance test suggested an increased 
resistance to insulin as the result of administration of the hormone. The 
blood sugar curves after injection of insulin are shown in Fig. 2. 
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SUMMARY 


When 100 mg. of the anterior hypophyseal adrenocorticotropic hormone 
was administered daily, in divided doses, to a normal young woman it 
caused an increased excretion of urinary steroids, which is evidence of’ 
stimulation of adrenocortical function. The daily excretion of 17-ketos- 
teroids increased from 4.84 to 15.5 mg. and that of the cortin-like sub- 
stances increased from 0.180 to 1.44 mg. Development of acne and a 
decrease in the excretion of creatine suggested that the production of 
androgens was increased. The excretion of pregnanediol, estrogens and 
gonadotropin was not affected measurably. Androsterone and etiocholano- 
lone were isolated from the urine in increased amounts during the period 
when ACTH was being administered. The amount of pregnanediol that 
could be isolated was unchanged by administration of the hormone. The 
amount of cholesterol that was isolated from the urine was decreased dur- 
ing the period of administration of the hormone. 

Electrolyte metabolism appeared to be essentially undisturbed by the 
hormone as judged by the concentration of sodium, potassium, chloride 
and phosphorus in the blood and urine. There was a small but apparently 
significant increase in the carbon dioxide content of the plasma. 

The value for the urinary nitrogen increased but the increase was so 
small that it could not be attributed with certainty to administration of the 
hormone. 

The value for the free cholesterol of the plasma decreased significantly. 
There was no change in the quantity of the blood proteins or in their 
quality as determined by electrophoresis. The value for the serum alkaline 
phosphatase remained unchanged. Anemia developed but the erythrocyte 
and leukocyte counts were not affected significantly. 

Tolerance to glucose was not affected measurably but some resistance to 
insulin developed. 
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INTRODUCTION 


In 1924 Evans (25) reported that the injection of anterior pituitary 
extract was followed by adrenal hypertrophy. Smith (61, 62) in 1926 
demonstrated that hypophysectomy induced atrophy of the adrenal cortex 
and that implantation of living hypophyseal tissue was followed by restor- 
ation of the gland to normal. These classical experiments established with- 
out doubt the specific tropic influence of the anterior pituitary on adrenal 
cortical function. 

Isolation ci the adrenocorticotropic principle from anterior pituitary 
gland extract was reported by Collip in 1933 (15). In 1940 a somewhat 
simpler mode of preparation was described by Bates et al. (8). Further 
purification of the adrenocorticotropic hormone was accomplished by 
Evans and his group in California and Long and Sayers and their col- 
laborators in New Haven. The former group worked with sheep pituitar- 
ies; whereas the latter used hog pituitaries. In 1943 Li et al. (41), employing 
a salt fractionation method, and Sayers et al. (56), using isoelectric precipi- 
tation, published detailed accounts of their methods of preparing pure 
adrenocorticotropin. Although this particular hormone was derived from 
pituitaries of different species and prepared by different methods in the 
two laboratories, the preparations appeared to be identical by the criteria 
employed. 

Purified anterior pituitary adrenocorticotropin proved to be a protein 
molecule with a single peak in the electrophoretic pattern, an isoelectric 
point at pH 4.7, and a molecular weight of approximately 20,000. That the 
activity of the preparation might reside in a smaller unit is suggested by 
the studies of Li et al. (40,41), Tyslowitz (75), and Crooke et al. (18). 

The preparation of small quantities of purified pituitary adrenocortico- 
tropic hormone (ACTH) with a high degree of potency permitted more 
precise physiological studies in animals. Experiments indicated that the 
injection of ACTH led to increased secretory activity of the adrenal corti- 
cal cells and eventually to their hypertrophy (60). The effects which were 
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observed to follow the injection of ACTH appeared to be due to the elab- 
oration of the adrenal cortical steroids rather than to a specific effect of 
ACTH itself. ' 

The minute quantities of purified ACTH available prior to 1946 pre- 
cluded clinical trial with the exception of a single experiment carried out by 
Browne et al. in 1943 (11) in which purified ACTH was administered to two 
male patients. In one subject these authors observed an increased urinary 
excretion of ‘‘cortin-like’’ substances without a significant change in the 
output of 17-ketosteroids. In a second patient an increase in the height of 
the glucose tolerance curve and glycosuria followed ACTH administration. 
From these preliminary experiments it appeared that the principal action 
of ACTH on the human adrenal was the stimulation of 11-oxysteroid 
secretion (the so-called carbohydrate-regulating factors). 

From what is known of adrenal cortical function in man, however, one 
might anticipate that with a gland capable of responding to ACTH ther- 
apy it would be possibie to demonstrate the several actions of the three 
types of adrenal steroids, viz., 

1. The sodium and chloride-retaining effect of desoxycorticosterone-like steroids 

67 
2. hol gluconeogenetic (44) and lympholytic (21) activity of the 11 and 11-17- 


oxysteroids 
3. The nitrogen-retaining effect of androgenic adrenal steroids (1) 


Recently the Armour Laboratories have prepared a quantity of purified 
ACTH adequate for clinical trial.1 With this material we have attempted 
to answer the following questions: 

1. What are the over-all metabolic and hematologic effects of ACTH administration 

in man? 

2. Is there a readily measured response to ACTH which might provide a satisfactory 

clinical evaluation of adrenal cortical reserve? 


MATERIALS 


The pituitary adrenocorticotropic hormone (ACTH) used in these stud- 
ies was prepared by the Armour Laboratories from hog pituitary glands 
by a modification of the method of Sayers et al. (56), using isoelectric pre- 
cipitation in the cold following an acid acetone extraction. Four different 
batches of hormone (ACTH) were placed at our disposal during the course 
of these studies. Batch 13-10, after preliminary experiments, was returned 
for further purification because of an unduly high content of posterior pi- 
tuitary factor which seriously restricted the quantity of material which 
could be administered without inducing undesirable side effects. Batches 





1 The authors are indebted to Dr. John R. Mote, The Armour Laboratories, Chicago, 
Illinois, for the purified ACTH used in these studies. 
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21-B and 13-10-6 were used extensively; a few patients received material 
from Batch 32-D. The characterization of the several batches is summa- 
rized in Table 1 from data provided through the courtesy of Doctors 
Munson, Koch, and Thompson and their staffs of the Armour Laboratories. 

Although the method of preparing the ACTH effectively excluded ap- 
preciable contamination with certain anterior pituitary hormones, i.e. thy- 
rotropic, gonadotropic, and growth hormones, the material used in these 
studies could not be considered to be pure adrenocorticotropin. None of 
the preparations employed showed a single electrophoretic peak. The po- 


TaBLeE 1. PRopPERTIES OF THE ACTH PREPARATIONS EMPLOYED 


: - 














ACTH Pressor Oxytocic- Prolactin 
Activity ws Se pt 
Activity Activity Activity 
Per Cent : ? : 
Batch |of-A Rooster Guinea Pig Pigeon a ‘i 
ate a sewer BP: Uterine Strip | Crop Sac Solubility 
vente are’ | Method Method Method 
— Units/mg. Units/mg. Units/mg. 
tion 
21-B 102 +8 0.1-0.2 0.12-0.004 0.5 Soluble in alkaline sa- 
line pH 8 
13-10-6 83 +9 0.07 or 0.05 or less 0 25 or Soluble in saline 
less less 
32-D 71+9 0.10 0.05 1.8+15 | Soluble in acid saline 
pH 2-3 
13-10 83 +5 0.7 0.6 — Soluble in saline 




















*q4 gamma of the reference standard (Armour La-1-A) administered intravenously 
to hypophysectomized rats induces a 20 to 30 per cent decrease in adrenal ascorbic acid 
content by the method of Sayers and Sayers (55). 


tency of the batches as measured by the decrease in ascorbic acid content 
of the rat adrenal (method of Sayers (55)) is summarized in Table 1. In 
addition, batches 13-10-6 and 21-B were administered to male and female 
hypophysectomized rats. Adrenal hypertrophy occurred in both groups of 
animals and was associated with a decrease in testicular weight in the 
males and no significant change in weight of the ovaries, thyroid, or uterus 
in the females. These data suggest that the batches used almost exclusively 
in these clinical studies were not appreciably contaminated with thyro- 
tropic or gonadotropic activity. The low lactogenic activity of the ACTH 
is indicated in Table 1. The oxytocic and pressor activity varied consider- 
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ably from batch to batch (Table 1). Unfortunately, comparable assays of 
the antidiuretic effect were not made. 


Preparation for Clinical Use 


Sterilization by ultrafiltration was not attempted, since this procedure 
results in a loss of biologic activity. Therefore the material was handled 
with aseptic care throughout, dissolved in sterile saline, and adjusted to an 
appropriate pH. Since appreciable loss of activity occurred within twenty- 
four hours with the material in solution, a fresh solution was made up daily, 
and the solution was never allowed to remain at room temperature for more 
than one hour. ACTH powder and the frozen solution appeared to retain 
activity for months. 


Administration 


The ACTH was administered intramuscularly as a solution containing 
from 5 to 10 mg. per cc. in saline. The pH varied with the several prepa- 
rations (Table 1). Apart from soreness, no local untoward reactions were 
observed in over two hundred and fifty injections. Depending upon the 
content of posterior pituitary factors, there was a variable degree of transi- 
tory pallor, bradycardia, intestinal and uterine cramps. These symptoms 
were negligible in the preparations with low oxytocic activity. 


Steroid Preparations Used for Intramuscular Injection 


Desoxycorticosterone Glucoside:? This preparation contained 10 mg. 
of crystalline hormone in aqueous solution as supplied by the manufacturer 
It was used in doses up to 30 mg. 

Dehydrocorticosterone Hemisuccinate, Compound A:* This lyophilized 
crystalline material which was freely soluble in saline solution was admin- 
istered in doses of from 25 to 50 mg. intramuscularly. 

17-Hydroxycorticosterone, Compound F:‘ This crystalline material was 
dissolved in warm absolute alcohol (20 mg. per cc.) which was added to 4 
cc. of 1 per cent acid procaine just prior to intramuscular injection in doses 
of 20 mg. 

Testosterone-Diethyl-Amino-Ethyl-Carbonate-Hydrochloride:? This 
crystalline material, which is freely soluble in saline up to 10 mg. per cc., 
was used in quantities up to 35 mg. 





2 The authors are indebted to Dr. Ernst Oppenheimer, Ciba Pharmaceutical Products, 
Inc., Summit, New Jersey, for the material used in these studies. 

* The authors are indebted to Dr. Augustus Gibson, Merck & Co., Inc., Rahway, New 
Jersey, for the material used in these studies. 

4 The authors are indebted to Dr. M. H. Kuizenga, The Upjohn Company, Kalamazoo, 
Michigan, for the material used in these studies. 
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METHODS 


All patients and subjects were maintained in the Metabolic Unit of the 
Peter Bent Brigham Hospital throughout the period of study. In the case 
of balance experiments, the patients and normal subjects were maintained 
on a constant diet. With the short-term experiments, patients were studied 
in the postprandial state, the last food being given at 8:00 p.m. on the day 
previous to the ACTH test. 

Urine specimens were collected at appropriate intervals, and aliquots 
were stored after acidification and addition of a few drops of chloroform 
thymol preservative. When the excretion of 17-ketosteroids (12, 64) and 
11-oxysteroids (66) was followed, the entire volume was saved. Particular 
care was taken to acidify the urine with 50 per cent sulfuric acid, and these 
specimens were frozen whenever immediate analysis was not possible and 
especially when uric acid and 11-oxysteroids were determined. 

Stool specimens were collected in three-day periods and homogenized 
in a Waring blender, and aliquots were used for analysis. 

Hematologic studies were made on venous blood specimens drawn with 
minimal stasis after a twelve-hour fast with the patient in basal condition. 
The blood was preserved in balanced oxalate® and stored in the icebox if 
analysis was delayed. Hematocrit (packed red cell volume) was estimated 
by the method of Wintrobe (78). White blood count and differentiation of 
cells were carried out by routine methods. Circulating eosinophil counts 
were performed by a modification of the direct method of Dunger (24), i.e. 
Oxalated blood was drawn into a white count pipette to the 0.5 mark after which a 
special fluid’ was used to complete the dilution to the 11 mark. The pipette was shaken 
at once for thirty seconds only; the counting chamber was filled immediately, and after 
waiting three minutes the eosinophils were counted. These cells may be identified by 
their deeply stained red granules. A special Levy chamber (0.2 mm. in depth) was used, 
and the average of four chamber counts was computed. The chamber count divided by 
sixteen and multiplied by one hundred yields the number of circulating eosinophils per 
cubic millimeter. 


The following chemical methods were used in this study: Sodium in 
serum, urine, and diet aliquots was determined by the method of Con- 





5 Balanced oxalate solution: Potassium oxalate 0.8 Gm. 
Ammonium oxalate 1.2 Gm. 
Aqua destillata q.s. ad 100.0 ce. 


Five-tenths cc. of the solution is placed in a suitable container and evaporated. This 
amount of oxalate will prevent the coagulation of 5 ce. of blood. 


6 Kosin aqueous, 2 per cent 5 ee. 
Acetone 5 ce. 
Aqua destillata q.s. ad 90 ce. 


The diluting fluid should be stored in an icebox, filtered before use, and prepared fresh 
every two weeks. 
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solazio and Dill (16), and urine potassium by the method of Consolazio 
and Talbott (17). In the case of patient J. W., however, all analyses of 
sodium and potassium were carried out on a flame photometer with an 
internal lithium standard, as were the urinary potassium determinations’ 
in subject R.P. (10). Serum and urine chloride was measured by the mer- 
curometric titration method of Schales (57) with the precautions recom- 
mended by Asper (5). The open Carius method was used for diet and stool 
specimens (52). Inorganic phosphorus in serum and urine was determined 
by the colorimetric method of Fiske and Subbarow (26), diet specimens 
being analyzed by the method of Allen (2). Urinary calcium was measured 
by the method of Clark and Collip (13). Serum carbon dioxide combining 
power was determined by the Van Slyke manometric technique (50). Total 
nitrogen in urine and total serum protein were measured by the micro- 
kjeldahl distillation method of Keys (37); total nitrogen in diet and stool 
specimens by a modified macrokjeldahl procedure suggested by Van Slyke 
(76) ; albumin and globulin by the method of Howe (34); blood nonprotein 
nitrogen by a modification of the method of Daly (19); blood urea nitrogen 
by the method of Archibald (4); and urine urea nitrogen by the hypobro- 
mite method of Van Slyke (51). Cholesterol, free and total, was analyzed 
by the modification of the method of Schoenheimer and Sperry (58), and 
blood sugars by the method of Folin and Wu (28), using Somogyi’s zinc 
precipitation (63). Urinary creatine was determined by the method of 
Lambert (38), and urinary creatinine by the method of Folin (29). The 
method used for urinary and serum uric acid® in this study is presented in 
detail: 


Preparation of Reagents 


Stock standard uric acid solution containing 1 mg. per cc.: Prepared according to the 
method of Folin (27). From this a daily “working standard” is made up by diluting: 1 ce. 
up to 200 cc. with distilled water. 

Two per cent polyanethol sodium sulfonate (Liguoid, Hoffman-La Roche): One Gm. is 
dissolved in 50 ce. of distilled water and stored in the icebox. 

Silicate glycerine reagent: Mix 130 ec. of Merck’s waterglass with approximately 250 
ec. of distilled water and add 85 ce. of reagent grade glycerol. Shake and make up to 500 
cc. with water. If cloudy, filter through hard filter paper. Store in a pyrex container. 

Uric acid reagent: Fifty Gm. of reagent grade sodium tungstate (free of chloride and 
neutral to phenolphthalein) is refluxed gently for at least four hours with 400 cc. of 
distilled water and 40 cc. of syrupy orthophosphoric acid, cooled, and made up to 500 ce. 
with water. 





7 The authors are indebted to Dr. William M. Wallace for carrying out the flame 


photometer analyses. 
8 The authors are indebted to Dr. Reginald M. Archibald for the details of his modi- 


fication of the Kern and Stransky (36) uric acid method. 
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Special reagent: This is made up about every two weeks by mixing five parts of 2 per 
cent Liquoid, four parts of uric acid reagent, and nine parts of distilled water. 
Sodium hydroxide: Two per cent (0.5 N.) 


Procedure 


Preparatory: Plasma or serum (to be kept frozen if immediate analysis is not possible), 
l-cc. is placed in a 25 cc. Erlenmeyer flask. Eight cc. of water and 0.4 cc. of 2 per cent 
sodium hydroxide are added, and the contents are mixed by rotation. Then 0.6 ce. of uric 
acid reagent is added slowly while the flask is shaken constantly. Contents of the flask 
are filtered through Whatman No. 42 filter paper after standing for five minutes. Urine 
(to be kept frozen if immediate analysis is not possible), 1 cc. is diluted to 100 or 200 ce. 
with distilled water, the higher dilution being preferable with specific gravities above 
1.020. The material should be processed within one half hour since it is unstable at 
room temperature. 

Colorimetric: Five cc. of filtrate or diluted urine is put into a Klett colorimeter tube; 
5 ec. of water for the blank and 5 cc. of working standard for the standard are set up 
similarly. To each tube 2.5 cc. of silicate glycerine reagent is added, and the contents are 
mixed by shaking. This is followed by 2 ce. of special reagent and quick mixing. After 
standing the tubes for fifteen minutes at room temperature, they are read with a 660 red 
filter with the blank set to zero on the Klett Summerson photoelectric colorimeter. (Any | 
other apparatus can be adapted to this method.) 


reading unknown 
reading standard ~ 





Calculation: Plasma or serum uric acid, mg. per cent equals 


reading unknown 





Urine uric acid, mg. er cent equals 100, using a 1:200 dilution. 


reading standard 


Specificity: In eight urines an average of 94 per cent of the color was found to be 
destroyed by uricase at pH 9.2 in phosphate buffer under oxygen. 


OBSERVATIONS 
EFFECT OF A SINGLE INTRAMUSCULAR INJECTION OF ACTH 


General Effects 


On the basis of preliminary experiments (70, 73) a dose of 25 mg. of 
ACTH was selected as providing a near-maximum response. This amount 
of hormone was well tolerated by most patients. Immediate blanching of 
the skin occurred with bradycardia, mild abdominal cramps, and uterine 
cramps in females. These effects usually wore off completely in forty-five 
minutes and were noted in patients with Addison’s disease as well as in 
normal subjects. It appeared that these reactions were due to the posterior 
pituitary contaminants, since clinical symptoms paralleled the oxytocic 
pressor assay of the several preparations used. As far as could be detected 
there was no symptomatic change in patients or in normal subjects at the 
height of the ACTH response three to five hours after the injection. Three 
female patients who had not menstruated previously for at least one year 
noted menstrual flow six to ten days after the injection of a single dose of 
25 mg. of ACTH. One of these patients had Addison’s disease. 
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Hematologic Changes 


As previously reported by Hills e¢ al. (33), the injection of 25 mg. of 
ACTH in patients with intact adrenals is followed by a fall in circulating 


CHANGES IN CIRCULATING LEUKOCYTES IN NON-ADDISONIANS 
FOLLOWING 25 MGM. ACTH 
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Fic. 1. Each point represents the result obtained on one subject. The heavy 
horizontal bars mark the mean value for the group. 


TABLE 2. A CoMPpARISON BETWEEN THE ABSOLUTE REDUCTION AND THE PERCENTILE 
Fai IN CircuLATING EosINoPpHILs FoLLOWING THE 
ADMINISTRATION OF 25 Ma. or ACTH 





























Eosinophils per cu. mm. 
Patient Sex Age Mites Change 
8:00 a.m.) 12:00 n. | pecrease 
F.G. F 18 21 4 17 -—81% 
A.D. M 52 108 33 75 -—70% 
gt M 24 288 61 227 —79% 
R.F. M 46 384 119 265 —69% 





lymphocytes and eosinophils and a rise in polymorphonuclear leukocytes 
(Fig. 1). Changes in differential leukocyte counts resulting from adminis- 
tration of ACTH were expressed as a per cent of the preinjection counts. 
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This was based on the finding that the effect of a standard dose on the 
eosinophil count of normal subjects was quite uniform when expressed in 
this way irrespective of rather wide variations in the magnitudes of the 
initial counts (Table 2). Since the hematologic effects following a single 
intramuscular injection of ACTH were most pronounced at the end of four 


EFFECT OF 25 MGM OF ACTH ON EOSINOPHILS AND LYMPHOCYTES 
EOSINOPHILS LYMPHOCYTES 
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TABLE 3. CHANGES IN EosINnopHILs FoLtowinc ACTH ApMINISTRATION 
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Cells per cu. mm. 
Mean Value for 
Number the Group 
Group of ———— Change Range 
Subjects 4 hrs. 
| 8:00 a.m. | following 
Control 25 mg. 
ACTH i.m. 
Normal subjects 10 ae <4 40 | -77% | -63to —97 
Non-Addisonians 40 181 52 —73% —52 to —98 
Addisonians 30 247 235 |; — 4% +36 to —38 














hours (Fig. 2), this point was selected for measuring the maximum change 
in circulating leukocytes. 

In contrast to the response of normal subjects and patients with ade- 
quate adrenal cortical function, patients with Addison’s disease failed to 
show the characteristic hematologic changes, particularly the decrease in 
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lymphocytes and eosinophils, following the administration of ACTH 
(Fig. 3). It thus appeared that the fall in eosinophils and lymphocytes was 
dependent upon an intact adrenal cortex. Since the mean percentile fall in 
eosinophils following ACTH administration was approximately twice as 
great as that observed in the case of lymphocytes and since there was no 
overlap in the eosinophil response between the Addisonian and non- 


CHANGES IN CIRCULATING LEUKOCYTES 
FOLLOWING 25 MGM OF ACTH IN ADDISONS DISEASE 
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Fic. 3. Each point represents the result obtained on one subject. The heavy 
horizontal bars mark the mean value for the group. 


Addisonian groups (Table 3, Figs. 1, 3), it must be concluded that the fall 
in circulating eosinophils is a more sensitive indicator of an increase in 
adrenal cortical hormone secretion than is the change in circulating lym- 
phocytes. 

To determine whether the failure of patients with Addison’s disease to 
respond to ACTH was due to insufficient adrenal cortical hormone secre- 
tion rather than a peculiarity in leukocytes, 20 mg. of crystalline Com- 
pound F was administered to seven patients with Addison’s disease. Since 
a fall in circulating eosinophils of 50 per cent or more was observed in six 
of the seven patients so treated (Table 4), the maximum effect occurring at 
four hours as was the case for non-Addisonians given ACTH (Fig. 4), it 
must be concluded that the failure to respond to ACTH was not due to an 
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abnormality of circulating leukocytes but rather to adrenal cortical hor- 
mone deficiency. The specificity of the 11-17-oxysteroid type of compound 
in producing these changes is suggested by the poor response of patients 
with Addison’s disease to other types of water soluble steroids such as 
Compound A, desoxycorticosterone, and testosterone (Table 4). 


EFFECT OF COMPOUND 'F' ON LYMPHOCYTES AND EOSINOPHILS 
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Fic. 4. Seventeen mg. of Compound F was administered 
intramuscularly at 8:00 a.m. 


The failure of patients with Addison’s disease to show a fall in the level 
of circulating eosinophils following ACTH administration indicated that 
neither ACTH itself nor contaminating anterior or posterior pituitary hor- 
mone in the ACTH preparation used in these studies was directly re- 
sponsible for the hematologic changes. In patients with intact adrenals, 
however, one could not be certain that contaminating substances in the 
ACTH preparation did not contribute to the hematologic response by 
stimulating the output of anterior pituitary and adrenal cortical hormones. 
To test this possibility a dose of pitocin and pitressin ten times as large as 
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that contained in 25 mg. of ACTH was administered to three subjects who 
had responded to ACTH on a previous occasion. A fall in eosinophils of 
40 per cent, 18 per cent, and 46 per cent respectively was observed. These 
studies suggest that it is possible for large quantities of posterior pituitary 
hormone, far exceeding those contained in the ACTH preparations, to in- 


TABLE 4. EOSINOPHILIC RESPONSE TO THE INJECTION OF WATER SOLUBLE 
STEROID HORMONES IN PATIENTS WITH ADDISON’s DISEASE 















































| | | Four 

| | Control | Hours 

| Level. After 
Patient) Sex | Age | Hormone Dose Eosino- | Hormone| (Change 

| | | mg. phils per | Eosino- " 

| cu. mm. | phils per 
| | cu. mm. 

E.Cc. | M | 18 | 17 570 75 -87% 
iP. ae? 28 20 231 63 -75% 
HP, F 33 17-hydroxy- 20 ° 157 55 —65% 
M.N. F 48 corticosterone 20 152 90 —65% 
E.V. M 49 (Compound F) 20 486 188 —61% 
HLS. M 38 20 247 117 —538% 
V.A. F 38 20 2,300 1,810 —24% 

| 11-dehydrocorti- 
J.B M 56 | costerone hemi- 25 296 276 —- 7% 
E.C. M | 14 succinate 50 790 778 — 2% 

| | (Compound A) 
C.S. | F | 44 | Desoxycorticos- 30 208 225 + 8% 
J.G. F | 37 | terone glucoside 30 171 150 -12% 

Testosterone | 
H.P. | eae aes: diethyl-amino 30 | 172 164 — 5% 
E.Z. F | 58 | ethyl-carbonate- | 35 84 86 — 2% 
hydrochloride | | | 








duce hematologic changes similar to those observed with ACTH. The 
magnitude of the response, however, never exceeded one-half that ob- 
served with 25 mg. of ACTH. These experiments, of course, failed to indi- 
cate whether the hematologic response was due to adrenotropic contami- 
nant in the large dosage of posterior pituitary or whether the posterior 
pituitary extract in large quantities initiated an alarm reaction (59) with 
anterior pituitary and adrenal cortical hormone response. 

The initial eosinophil counts done under fasting conditions in thirty pa- 
tients with Addison’s disease failed to reveal a significantly higher level 
than in control subjects when analyzed statistically (Table 3). This obser- 
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vation suggests that factors other than adrenal cortical hormone output 
regulate the basal level of circulating eosinophils. As one of the limitations 
of the ACTH response it should be noted that both ACTH and Compound 
F administered at the height of an acute allergic eosinophilia failed to re- 
duce the level of circulating eosinophils to the extent observed in other 
disorders. 

The exact mechanism whereby eosinophils disappear from the circulat- 
ing blood following adrenal cortical stimulation with ACTH is not known. 


EFFECT OF ACTH ON URIC ACID EXCRETION IN A CONTROL SUBJECT 
up? 9 CONTROL SUBJECT 
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Fig. 5 


Neither the spleen nor the thymus appears essential for the phenomenon, 
as a normal response to ACTH has been observed in man following sple- 
nectomy or thymectomy (33). 


Metabolic Changes 


Uric Acid Excretion: It is known that a variable increase in nitrogen 
excretion follows the administration of adrenal cortical extract and certain 
adrenal steroids. Experiments in man indicated that the rise in uric acid 
excretion following the repeated and prolonged administration of 11 and 
11-17-oxysteroids (30) was much more consistent and of relatively greater 
magnitude than the rather inconstant increase in total nitrogen excretion. 
With these facts in mind, uric acid excretion was studied as a possible indi- 
cator of increased adrenal cortical secretion of carbohydrate-regulating 
factors. 

Following the intramuscular injection of 25 mg. of ACTH in the fasting 
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state, an increase in uric acid excretion was observed in ten normal sub- 
jects and in forty patients with apparently adequate adrenal cortical re- 
serve. The maximum increase in uric acid excretion occurred approximately 
four hours following the administration of hormone (Fig. 5). This corre- 
sponded with the point of maximal eosinophil and lymphocyte depression. 


TABLE 5. PERCENTILE RIsE IN UrtNARY Uric Acip-CREATININE RaTIo 
FOLLOWING THE ADMINISTRATION OF 25 Ma. or ACTH 
































Number 6:00 a.m.— 9:00 a.m.— 
Group of 8:00 a.m. 12:00 n. Change 
Subjects Ratio Ratio 
Normal Subjects 10 
Mean 0.49 +0.10 0.93 +0.15 +91% +23 
Range (0.35 to 0.68) (0.67 to 1.15) | (+62 to +130) 
Males 6 0.43 0.85 100% 
Females 4 0.59 1.06 78% 
Non-Addisonians 40 
. Mean 0.55+40.15 1.01 +0.23 +89% +29 
Range (0.27 to 0.92) | (0.59 to 1.62) | (+28 to +172) 
Males 15 0.55 0.95 +81% 
Females 25 0.56 1.04 +93% 
Addisonians 30 
Mean 0.56 +0.12 0.64+0.12 +16% +13.2 
i Range (0.31 to 0.99) (0.34 to 1.14) (-14 to +59) 
i] Males 14 0.48 0.59 +21% 
, Females 16 0.61 0.67 +10% 


RR PELE 














Creatinine excretion remained constant or decreased as a rule. With this 
in mind changes in uric acid were computed as differences in the uric acid- 
creatinine ratio, thereby obviating the necessity for complete urine col- 
lections and accurate volume measurements. The uric acid-creatinine 
ratio in urine specimens collected from 6:00 a.m. to 8:00 a. m. following an 
overnight fast proved to be remarkably constant from day to day in the 
same individual. Furthermore, the uric acid-creatinine ratio in a speci- 
men collected from 9:00 a.m. to 12:00 n. under fasting conditions varied 
little from the early morning 6:00 to 8:00 specimen (Fig. 5). Since little 
increase in uric acid excretion occurred during the first hour following 
ACTH administration (Fig. 5), the uric acid-creatinine ratio in the control 
specimen from 6:00 a.m. to 8:00 a.m. was compared with that of the 
9:00 a.m. to 12:00 n. specimen, the injection of ACTH having been given 
at 8:00 a.m. In patients with marked creatinuria the uric-acid creatinine 
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ratio tends to be abnormally high but falls within the normal range when 
total rather than preformed creatinine is used. 

In a group of ten normal subjects the increase in uric acid-creatinine 
ratio following ACTH administration amounted to 91 per cent (plus 62 to 
plus 130); in forty patients with diseases apparently not involving the 
adrenal cortex the increase in ratio was 89 per cent (plus 28 to plus 172); 
whereas in thirty patients with Addison’s disease a mean increase of only 


CHANGES IN URINARY URIC ACID CREATININE RATIO 






































200 
ee? 
150 ns - 
eeese 
e% @ 
+ ol ee%%e 
cat’ Cee ‘ 
—= Pegsstes * 
50 oeeoes ese —= 8@°8 oom 
* 
0 : nae" ition paition 
* 
— 50 
100 
NON—ADDISONIANS ADDISONIANS ADDISONIANS 
25 MGM ACTH 25 MGM ACTH 20 MGM CPD. F 


Fic. 6. Each point represents the result obtained on one subject. The heavy 
horizontal bars mark the mean value for the group. 


16 per cent (minus 14 to plus 59) was noted (Table 5, Fig. 6). Alth ugh 
there was a striking difference in the response of the Addisonian and non- 
Addisonian groups as a whole to ACTH administration, there was con- 
siderable overlapping in individual instances. The initial control uric acid- 
creatinine ratios (6:00 a.m. to 8:00 a.m.) were remarkably similar for 
the three groups (Table 5). 

A number of patients with Addison’s disease who failed to show an in- 
crease in uric acid-creatinine ratio following ACTH administration were 
given 20 mg. of Compound F. Although the ratio increased in all patients, 
the magnitude of the change was not as great as that observed in normal 
individuals given 25 mg. of ACTH (Table 6, Fig. 6). It is interesting to 
note that 20 mg. of Compound F induced a near maximal fall in circulating 
eosinophils. Since it was impossible, because of lack of material, to give 
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these patients larger doses of Compound F, it cannot be stated whether 
the failure to induce a maximal increase in uric acid-creatinine ratio was 
due to a quantitative or qualitative inadequacy of Compound F. 

Two patients given a single injection of a water soluble preparation of 
Compound A in a dose of 25 and 50 mg. respectively showed no increase in 
uric acid-creatinine ratio, although in previous studies (30) repeated ad- 
ministration of Compound A over a period of several days had increased 
the uric acid-creatinine ratio in most instances. The injection of a rela- 
tively large dose of water soluble desoxycorticosterone glucoside was fol- 


TABLE 6. CHANGES IN Uric Acip-CREATININE RaTIo FOLLOWING THE 
ADMINISTRATION OF VARIOUS WATER SOLUBLE STEROID HORMONES 
To PATIENTS WITH ADDISON’s DISEASE 
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| | 
oy 5. ste Seka 
| t Rat 
Patient | Sex | Age Hormone Dose ee ae :00 ae Change 
| : .m—|9: m. 
| | | ms: 8:00 a.m.| 12:00 n. 
M.N. | F | 48 17-hydroxy- 20 0.47 0.80 +48% 
HPs} Ee | 33 corticosterone 20 0.43 0.63 +45% 
(Compound F) 
11-dehydrocor- 
J.B. M | 56 | ticosterone hemi- 25 0.33 0.35 + 7% 
E.C. M | 13 succinate 50 0.65 0.66 + 2% 
(Compound A) 
C.S. F | 44 Desoxycorticos- 30 0.50 0.61 +22% 
J.G. F | 37 | terone glucoside 30 0.54 0.68 +27% 
E.Z. F | 58 Testosterone 30 0.45. | 0.37 —-18% 
diethyl-amino- 
ethyl-carbonate 
hydrochloride 

















lowed by a small but definite incréase in ratio. The only fall in uric acid- 
creatinine ratio observed in these experiments occurred in a patient given 
a water soluble testosterone preparation (Table 6). 

The rise of 16 per cent in uric acid-creatinine ratio observed in patients 
with Addison’s disease may be taken as the limit of the ACTH response 
not mediated through the adrenal cortex or may represent the effect of 
some remaining active cortical tissue. To test the possibility that the ac- 
tivity of contaminating substances in the ACTH preparation might have 
contributed to the increase in uric acid-creatinine ratio in subjects with 
adequate adrenal cortical function, the ratio was followed in three indi- 
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viduals given pitocin and pitressin in a dosage ten times as large as that 
contained in 25 mg. of ACTH. Only one of the three subjects showed a 
definite rise (plus 29 per cent) in uric acid-creatinine ratio. Thus the pos- 
sibility that contaminating substances in the ACTH preparations might 
have acted as “alarming agents’’ cannot be eliminated, although it seems 
unlikely in view of the small changes observed following the relatively 
large dosage of posterior pituitary hormone. 

The increase in uric acid excretion observed with ACTH must be due 
to either increased production, increased clearance, or both. In favor of an 
increased uric acid clearance is the fact that the majority of patients 
showed no significant rise in serum uric acid level during a period of in- 


SERUM URIC ACID CHANGES FOLLOWING ACTH AND COMPOUND F 

















MP $53 ~ THYROTOXICOSIS 
100 60 
804 
EOSINOPHILS 1 SERUM URIC ACID 
% DECREASE be MGM. % 
| 50 Cnn 
0; u. 
UA 
204 r j 
MGM ACTH ft» MGM CPD F 
° 40 
Bam 0 (2m Bam 0 12m 
TIME 
Fig. 7 


creased uric acid excretion. Increased formation or mobilization of uric 
acid following ACTH administration was suggested in a group of patients 
with mild renal impairment who showed a rise in serum uric acid level with 
a slight rise in uric acid excretion (patient M.P., Fig. 7). In the same sub- 
ject similar changes were produced by the administration of 20 mg. of 
Compound F. From this it appeared that the increased excretion of uric 
acid which followed ACTH administration was in all probability due to an 
increase both in formation and clearance. 

Increased uric acid excretion as an index of increased adrenal cortical 
function has certain limitations which should be pointed out. Under con- 
ditions of dehydration, hyperuricemia (gout or leukemia), or renal in- 
sufficiency, uric acid clearance may already be approaching the maximum. 
Hence an appreciable increase in uric acid excretion cannot occur in re- 
sponse to ACTH, although one would anticipate a rise in serum uric acid 
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levels under such circumstances. In patients with severe liver damage the 
formation of uric acid from its precursors may ke impaired, and hence only 
a limited rise in serum uric acid level and in uric acid excretion should be 
anticipated in response to ACTH. Finally, depletion of the immediate 
source of uric acid, thought by some to be lymphoid tissue, or a reduction 
in the rate of its breakdown as in hypothyroid states, might limit the mag- 
nitude of the uric acid response to ACTH. 

Electrolyte Excretion: Adrenal cortical stimulation might be expected to 
induce variable changes in electrolyte excretion, depending upon the rela- 
tive proportions of salt-retaining and salt-losing adrenal steroids secreted. 
In these studies electrolyte excretion might also be affected by the poste- 
rior pituitary contaminants in various ACTH preparations. 


TABLE 7. PERCENTILE CHANGES IN URINARY CONSTITUENTS FOLLOWING THE ADMIN- 
ISTRATION OF 25 Ma. or ACTH To Sussects with NorMAL ADRENAL 
FUNCTION AND TO PATIENTS WITH ADDISON’s DISEASE 























Uri Total with Inorganic 
Blood pares Nitro- re Sodium | Chloride | Phos- 
Patient Sex Age | Eosinophil 7 gen sare Creati- Creati- phorus 
Creati- : Creati- A P x 
Responses ; Creati- R nine nine Creati- 
nine A nine : 
nire nine 
N M.G. F 23 —88% +95 —22 +240 +100 + 67 — 43 
aaa we S.M. F 65 | —81% | +81 -10 | +168 | +126 | +167 | +100 
er Are: M | 33 52% +80 -2 +235 + 69 +100 — 26 
J.8. M 45 +26% +26 — 6 + 83 + 9 £6 + 3 
Addisonians M.F. F 4a — 2% +19 -— 6 + 11 + 35 + 44 + 37 
E.V.* M 49 —10% +12 -7 + 1 + 6 + ©0 - 1 



































* Patient E.V. had a urea clearance of only 35 per cent of normal, a fact which may contribute to the poor urinary 
response to ACTH. 


In the short-term experiments, subjects with adequate adrenal cortical 
reserve, as indicated by a fall in circulating eosinophils and a rise in uric 
acid-creatinine ratio, were observed to have increased potassium, sodium, 
and chloride-creatinine ratios following ACTH administration (Table 7). 
Changes in inorganic phosphorus-creatinine ratio were variable; whereas 
total nitrogen-creatinine ratio tended to fall. The increase in the sodium 
and chloride-creatinine ratios in the four-hour experiments are interesting 
in contrast to the over-all marked retention of these electrolytes which oc- 
curred with repeated injections of ACTH over periods of from four to six 
days. Only the changes in potassium and uric acid excretion were con- 
sistent with both single and repeated injections of ACTH. In patients with 
Addison’s disease, potassium, sodium, and chloride-creatinine ratio 
changed relatively little following ACTH, suggesting that the changes in 
renal excretion of these electrolytes observed in the non-Addisonian group 
were dependent upon the adrenal cortex. 
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It is conceivable that the increased sodium, chloride, and potassium- 
creatinine ratios which occurred in the first four hours following ACTH 
administration reflect a predominant secretion of 11-17-oxysteroids as op- 
posed to desoxycorticosterone-like factors under which circumstances an 
increase in potassium excretion would be accompanied by sodium and 
chloride retention (69). 


A TEST FOR ADRENAL CORTICAL RESERVE 


The authors’ experience with a large group of patients with Addison’s 
disease suggested that the failure to observe a fall in circulating eosinophils 


TABLE 8. AN EXAMPLE OF A NoRMAL Response TO 25 Ma. or ACTH 
(ACTH Test) 











Normal Male e Age 21 
Circulating Eosinophils 8:00 a.m. 188 per cu. mm. 
12:00 n. 46 per cu. mm. 

Percentile Fall 76% 
Urinary Urie Acid 6:00 a.m.—8:00 a.m. 9:00 a.m.—12:00 n. 

Mg. per cent 72 156 
Creatinine 

Mg. per cent 185 234 
Uric Acid-Creatinine Ratio 0.39 0.67 


Percentile Rise 72% 





or a rise in uric acid-creatinine ratio following the injection of a single 
dose of ACTH provides a relatively simple clinical test (71) of adrenal 
cortical reserve with particular reference to the carbohydrate-regulating 
factors. 


Procedure 


No food is permitted after 8:00 p.m. On the following day water is al- 
lowed ad libitum, and in addition 200 cc. of water is given at 6:00 a.m., 
8:00 a.m., and 10:00 a.m. A control urine specimen is collected from 
6:00 a.m. to 8:00 a.m., and an eosinophil count is done at 8:00 a.m. Im- 
mediately thereafter 25 mg. of ACTH is injected intramuscularly. Urine 
is collected from 9:00 a.m. to 12:00 n., and the eosinophil count is re- 
peated at 12:00 n. The percentile decrease in circulating eosinophils is 
calculated, the two urine specimens are analyzed for uric acid and creati- 
nine, and the uric acid-creatinine ratio is computed. An example is pre- 
sented in Table 8. 
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The technique for the direct eosinophil count and the directions for the 
preparations of the ACTH for injection are to be found on pages 18 and 19. 


Interpretation 

Normal adrenal cortical reserve is indicated by a fall in eosinophils and a 
rise in the uric acid-creatinine ratio exceeding 50 per cent. Mild adrenal 
insufficiency is indicated by a normal fall in eosinophils with only a small 
rise in uric acid-creatinine ratio (20 to 50 per cent). Addison’s disease is 
characterized by a decrease in eosinophils of less than 20 per cent and an 
increase in the uric acid-creatinine ratio not exceeding 50 per cent. 


TaB_Le 9. ACTH Response IN PATIENTS WITH ANTERIOR 
PITUITARY INSUFFICIENCY 
























































| Change in | Change in 

2 D wares of Circulat- | Uric Acid- 
Patient | Sex| Age} Diagnosis | Anterior ing Creati- 
Pituitary Eosino- nine 
Insufficiency phils Ratio 
rc F F | 42 | Simmonds’ Disease | Severe | +24% + 1% 
R.G. _ F F [a 33 33 | Simmonds’ Disease | Severe | — 4% +18% 
ASP. | F F | 6. 61 | Simmonds’ Disease | Moderate | -17% +22% 
M.A. | M M | 58 58 | Chromophobe adenoma | Severe | —-15% +32% 
MF. | M 6 60 | Ciemeshalbendmeme |. Mad | 27% | +49% 
MLR R. M | 46 | | Chromophobe adenoma | Mild | —45% +90% 











The majority of patients with advanced anterior pituitary insufficiency 
show little if any response to ACTH; whereas cases with milder insuffi- 
ciency may give some evidence of adrenal cortical stimulation following 
ACTH administration. Table 9 illustrates the authors’ limited experience 
with this group. Patient R.G., a case of Simmonds’ disease of long standing 
with a negative ACTH test, failed to show any response even aiter three 
days of continued ACTH administration (40 mg. per day). On the other 
hand, patient M.R., who showed a somewhat inadequate response to a test 
dose of ACTH, revealed full adrenal cortical activity after six days of ad- 
ministration of this material (40 mg. per day). It would appear that the 
adrenal cortex must have undergone considerable functional if not his- 
tologic atrophy in most instances, leaving only an occasional patient with 
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sufficient potential reserve to respond adequately to ACTH administration 
over a relatively short period of time. A low basal metabolic rate appears 
to be another factor in the reduction of the adrenal cortical response. 

An overactive adrenal cortex with little functional reserve (alarm reac- 
tion (59)) is suggested by a normal fall in eosinophils (50 per cent or more) 
in the presence of a high fasting uric acid-creatinine ratio (0.8 or greater) 
with only a small increase following ACTH administration. The limitations 
to the interpretation of these changes are discussed on pages thirty-one 
and thirty-two. 


EFFECT OF REPEATED INJECTIONS OF ACTH (FOUR TO SIX DAYS) 


Plan of Study 


One normal male subject, R.P., and two patients, M.R. and J.W., were 
selected for these experiments. Patient M.R., a forty-six-year old male, 


TABLE 10. Datty Dietary INTAKE oN Constant DiEtT* 




















Carbo- ; Total ; 
Subject} hydrate Protein Fat Calories Fluid Na Cl N 

Gm./day ‘eige: candies cal. /day cc./day | m.Eq. | m.Eq. Gm. 
BF. 264 74 99 | 2,290 | 2,500 113 135 11.9 
J.w. | 185 59 63 | 1,560 | 2,500 | 65 | 82 | 9.5 
M.R. 312 38 35 | 1,720 | 2,500 {| 74 94 6.0 

| | 1,600 | 

| | 2,000 | 























* The values for sodium, chloride, nitrogen and protein were obtained by the direct 
analysis of food aliquots. 


had received X-ray treatment one year previously for a pituitary chromo- 
phobe adenoma; at the time of the study he showed classical symptoms of 
early pituitary insufficiency. Patient J.W., a fifteen-year old female, had 
had amenorrhea, weight loss, anorexia, and asthenia for several months 
prior to admission. The provisional diagnosis was anorexia nervosa. These 
two patients were selected with the hope that certain responses to ACTH 
might be exaggerated, and hence it might be possible to detect changes 
which would not be apparent or significant in the normal. Patient M.F., a 
forty-nine-year old housewife with known Addison’s disease for six years, 
served as a control. 

All subjects were placed on a constant dietary regimen (Table 10). After 
a control period in which a steady state had been reached, as estimated 
from the constancy of urinary chloride and nitrogen excretion, intramus- 
cular injections of ACTH were begun. The hormone was given in divided 
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doses of 10 mg. per dose every six hours, a total dose equivalent to 40 mg. 
of the Armour standard preparation per day over a period of from four 
to six days. 

Evidence of increased secretion of adrenal androgens was obtained by 
the determination of urinary 17-ketosteroid excretion,’ of 11 and 11-17- 
oxysteroids by following the excrezion of 11-oxysteroids, uric acid, total 
nitrogen, alterations in glucose metabolism, and the change in circulating 
eosinophils and lymphocytes, and of desoxycorticosterone-like steroids by 
following changes in body weight, urine volume, and the excretion of so- 
dium and chloride (74). 


General Effects 


The repeated administration of ACTH in doses of 10 mg. every six hours 
over a period of from four to six days was well tolerated by both the normal 
subject and the patients. In no instance did a significant elevation in sys- 
tolic or diastolic blood pressure occur. There was evidence of considerable 
fluid retention in all except the patient with Addison’s disease. 


Changes in Adrenal Androgenic Steroid Secretion 


Urinary Excretion of 17-Ketosteroids: The two patients, M.R. and J.W., 
and the normal male subject, R.P., showed a significant increase in 17- 
ketosteroid excretion during the administration of ACTH (Fig. 8). In 
patient M.R. the increase amounted to approximately 500 per cent, in 
patient J.W., 300 per cent, and in the normal subject, 100 per cent. An 
increased excretion of 17-ketosteroids was noted as early as the second day 
of treatment (M.R.) and was sustained throughout the period of ACTH 
administration. The values fell rapidly to the pretreatment level within 
three days following withdrawal of ACTH administration (Fig. 8). Al- 
though the excretion of 17-ketosteroids increased greatly during the four 
to six days of ACTH administration, it is of interest to note that in no 
instance did the maximum value exceed high normal for that individual. 

Further evidence of the secretion of an increased quantity of androgenic 
steroids occurred in patient M.R. who noted that his beard grew much 
heavier and continued to do so for some time after discontinuing the ACTH 
and that it was necessary for him to shave daily instead of twice weekly as 
had formerly been necessary. He also noticed nocturnal erections which 
had not been present for at least one year previously. 





® It is common practice to assume that an increase in steroid excretion necessarily 
implies increased hormonal production. In the absence of blood determinations the 
limitation of this assumption is appreciated. 
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Patient M.F., an Addisonian treated with ACTH for four days, failed 
to show any increase in 17-ketosteroid excretion (Fig. 19). 


Changes in 11 and 11-17-Oxysteroid Secretion 


11-Oxysteroid Excretion: A striking rise in 11-oxysteroid excretion was 
observed in all three individuals (Fig. 8). It should be noted that the initial 
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values during the control period indicated a normal level in patient M.R 
and normal subject R.P.; whereas the initial value in patient J.W. was 
higher than normal. The highest value attained during ACTH administra- 
tion in all three individuals was of approximately the same order of mag- 
nitude, i.e. 1.34 to 2.42 mg. per twenty-four hours, representing percentile 
increases of 500 per cent for patient M.R., 300 per cent for patient J.W.., 
and 500 per cent for normal subject R.P. Although the excretion of both 
17-ketosteroids and 11-oxysteroids was increased greatly by ACTH ad- 
ministration, there was this difference between the two responses: Whereas 
the excretion of 11-oxysteroids attained abnormally high levels, such as 
have been noted in Cushing’s syndrome (65), the 17-ketosteroid excretion 
never exceeded high normal levels. Patient M.F. with Addison’s disease 
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failed to show any increase in 11-oxysteroid excretion" following four days 
of ACTH administration (Fig. 19). 

Uric Acid Excretion: All three individuals, M.R., J.W., and R.P., showed 
an increase in uric acid excretion during ACTH administration (Figs. 9, 
10, 11) with a maximum rise during the first forty-eight hours. The per- 
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Fic. 9. Summary of some of the metabolic changes following ACTH administration. 


centile increase for the entire period of treatment amounted to 92 per cent 
for patient M.R., 95 per cent for patient J.W., and 20 per cent for normal 
subject R.P. The increased uric acid excretion was accompanied in all three 
subjects by a decrease in serum uric acid level greater than could be ex- 


10 The authors are indebted to Dr. Nathan B. Talbot for carrying out the 11-oxy- 
steroid determinations reported on patients J.W. and M.F. and on normal subject R.P. 
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Fic. 10. Summary of some of the metabolic changes following 
ACTH administration. 


plained by the associated hemodilution (Table 11). The fall in serum uric 
acid level suggests increased uric acid clearance; the magnitude of the in- 
crease in uric acid excretion observed during this same period suggests a 
rise in uric acid production (Fig. 12). 

In contrast to the changes in uric acid excretion, no increase in preformed 
creatinine was observed in any of the three subjects, nor did an appreciable 
change occur in creatine in the one case in which it was followed (patient 


J.W.). 
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Fic. 11. Summary of some of the metabolic changes following 
ACTH administration. 


Patient M.F. with Addison’s disease failed to show a significant increase 
in uric acid excretion (Fig. 19) or a fall in serum uric acid level during a 
four-day period of ACTH administration. 

Nitrogen Balance: In patient M.R. nitrogen balance changed from minus 
2.5 Gm. daily during the control period to minus 5.9 Gm. daily during the 
six days of ACTH therapy (Table 12). The negative nitrogen balance was 
accounted for entirely by increased urinary excretion. Normal subject R.P. 
was in negative nitrogen balance during the preliminary control period 
(minus 2.7 Gm. daily). During ACTH administration the negative nitrogen 
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balance decreased to a value of minus 0.5 Gm. daily, returning toward the 
original value following withdrawal of hormone. In patient J.W. it was 
possible to follow only urinary nitrogen excretion which decreased slightly 
from a level of 7.9 Gm. daily to 7.6 Gm. daily during hormone therapy and 
returned to the control level following withdrawal of ACTH. Patient M.F. 


CHANGES IN URIC ACID METABOLISM FOLLOWING ACTH ADMINISTRATION 
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with Addison’s disease showed no significant change in urinary nitrogen 
excretion during ACTH administration. 

Serum Protein: There was a fall in serum protein level in all three indi- 
viduals during ACTH therapy (Fig. 13). The maximum decrease was 1.3 
Gm. per cent in normal subject R.P., 0.8 Gm. per cent in patient J.W., and 
1.8 Gm. per cent in patient M.R. A moderate degree of hemodilution ac- 
companied the fall in total serum protein but was insufficient to explain the 
total decrease in serum protein level. The greatest fall in protein occurred 
in patient M.R. who was given ACTH for six days and who showed the 
greatest increase in urinary nitrogen excretion (Fig. 9). It appeared that 
the second significant drop in serum protein level in this patient occurred 
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TABLE 11. CHANGES IN CrRCULATING LymMPHOCYTES, SERUM Uric AcID AND URINARY 
Uric Acip ExcreETION FOLLOWING THE ADMINISTRATION OF ACTH 























J.W. M.R. RP. 
Serum Uri- Serum Uri- Serum Uri 
Lym, Uric magi Lym. Uric oy Lym. Uric ass 
. Hte. Urie | Hte. . Uric | Hte. s Uric 
Periods Days no./eu. Acid - no./cu. Acid : no./eu. Acid ‘. 
% Acid % Acid % Acid 
mm. mg. mm, mg. mm, mg. 
% mg./ % mg./ % mg./ 
day day day 
1 463 47 2,300 6.7 839 
Control 2 42 518 4,000 454 6.3 910 
3 42 2,520 4.5 420; 38 5,550 5.8 492 45 3,400 6.5 850 
1 40 1,400 4.2 1,023; 36 1,680 4.4 1,064] 44 2,390 5.3 1,000 
ACTH 2 40 2,370 3.3 1,532 33 1,320 3.0 998 | 43 2,570 5.1 1,126 
40 mg. 3 40 2,730 3.5 476 | 32 1,460 3.9 787 43 2,930 5.1 1,110 
per day 4 39 3,430 3.1 622 32 2,050 4.1 898 | 43 3,310 4.4 910 
5 . 32 2,010 4.5 836 
6 33 2,300 4.6 835 
1 38 4,000 4.9 416 | 33 2,800 5.1 623 45 5,680 5.4 637 
Control 2 38 3,170 4.2 512 | 34 2,300 5.4 535 | 48 5.9 748 
39 3,080 782 | 36 2,130 5.9 656 | 46 3,850 6.1 1,002 














TABLE 12. CHANGES IN NITROGEN BaLANcE Durtinc ACTH ApMINISTRATION 
































Normal Subject R.P. Patient M.R. Patient J.W. 
Con- Con- Con- Con- Con- 
trol ACTH trol trol) | ACTH | ty) | ACTH trol 
Nitrogeff’ 
Excretion 
Gm. per day 
Urinary 13.4 11.6 12.3 7.6 10.9 7.9 7.6 7.9 
Fecal 1.2 0.8 1.3 0.7 0.8 -- 
Total 14.6 12.4 13.6 8.3 41.7 
Nitrogen In- 
take Gm. per 
day 11.9 11.9 11.9 5.8 5.8 9.5 9.5 9.5 
Balance | —2.7 —0.5 | -—1.7 |-2.5 | -—5.9 |(+1.6) (+1.9) (+1.6) 

















after a urinary loss of approximately 20 Gm. of nitrogen, equivalent to 
125 Gm. of body protein (Fig. 14). The changes in serum protein pattern 
(electrophoretic analysis)" in patient M.R. and normal subject R.P. are 





1 The authors are indebted to Dr. S. Howard Armstrong, Jr., for the electrophoretic 
patterns and their analysis (46). 
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CHANGES IN SERUM PROTEIN DURING ACTH ADMINISTRATION 
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Fic. 14. The cumulative nitrogen loss was calculated from excess nitrogen 
excretion based on the original control level. 
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summarized in Table 13. In patient M.R. given ACTH for six days, there 
was a significant rise in albumin with a reciprocal fall in alpha-2 globulin, 
changes opposite to those found in patients with Addison’s disease. The 
small rise in gamma globulin is hardly significant. In normal subject R.P. 
there was no significant alteration in the electrophoretic pattern following 
four days of ACTH administration. 


TABLE 13. CHANGES IN SERUM PROTEIN ELECTROPHORETIC 
PaTTERN During ACTH ApMINISTRATION 
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Rx Total Protein | Albumin Globulin 
Gm. % | 
rere 
Control | ee ee a i 
After 3 days of ACTH Rx | 7000 |B | 4 | “| s|u 
After 5 days of ACTH Rx | 7.0 | 57 | £ | 15 | 6 | 14 
3 days after withdrawal of | 
ACTH 6.2 + 21 9 10 
Normal Conlon 2 as 
| Serum Component per cent 
Rx Total Protein | Albumin = Globulin 
Gm. % 
| 
| [a | ee p ’ 
Control | @1 | 60 | 4 ial 14 
After 4 days of ACTH Rx | 6.2 ie | so 8 | 13 7 14 








It is possible that the variable changes in nitrogen balance in these three 
individuals reflected differences in the over-all effect of increased andro- 
genic versus 11-oxysteroid secretion, the former predisposing to nitrogen 
retention and the latter to nitrogen loss. The marked differences in nitrogen 
balance are to be contrasted with the consistent and uniform increase in 
uric acid excretion which occurred in all three subjects during ACTH ad- 
ministration (Figs. 9, 10, 11). 
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Inorganic Phosphorus: Urinary excretion of inorganic phosphorus was 
greatly increased in patient M.R. during the first four days of ACTH ad- 
ministration (Fig. 9). In patient J.W. there was an increased phosphorus 
excretion (plus 7.2 m.mol.) during the first day of ACTH treatment (Fig. 
10). In contrast, normal subject R.P. showed a slightly diminished phos- 
phorus excretion during ACTH administration with a rise following the 
withdrawal of ACTH (Fig. 11). The initial phosphorus diuresis observed in 
patients M.R. and J.W. preceded the maximum increase in nitrogen excre- 


CHANGES IN FASTING BLOOD SUGAR, SERUM INORGANIC PHOSPHORUS AND HEMATOCRIT 
FOLLOWING ACTH ADMINISTRATION 
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tion in M.R. and was unaccompanied by any increase in total nitrogen 
in patient J.W. 

The variable change in urinary phosphorus excretion in these three indi- 
viduals paralleled the changes in serum inorganic phosphorus. There was a 
fall of 0.4 m.mol. in patient M.R. and a fall of 0.2 m.mol. in patient J.W.; 
whereas normal subject R.P. showed an over-all rise of 0.2 m.mol. (Fig. 
15). A reciprocal relation of the changes in serum inorganic phosphorus to 
those in fasting blood sugar was observed in patients M.R. and J.W. but 
not in the normal male R.P. 

No change in the excretion of inorganic phosphorus or the level of serum 
inorganic phosphorus was observed in patient M.F. with Addison’s disease. 

Urinary Calcium: During the control period and during the six days of 
ACTH administration in patient M.R. no appreciable change in the excre- 
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tion of calcium was observed, the mean values being 90 and 93 mg. daily 
respectively for these periods. During the three days following the with- 
drawal of ACTH, however, a large increase in calcium excretion was noted 
concurrently with a marked diuresis (134 mg. average daily excretion). 
Urinary Potassium: An increase in urinary potassium excretion occurred 
in all three individuals during the first twenty-four to forty-eight hours on 
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NITROGEN PHOSPHORUS POTASSIUM 
GM. MM. M.EQ. 
ACTH 10.9 26 06 ¢/ 
0 ma] 19 27% 
3 
DIFFERENCE -33 -7 ‘ 
THEORETICAL RATIO _F 
N/P = 15 K/N = 27 


OBSERVED RATIO 





N/P = sy Siw 2 K/N = $+ 15 
CONCLUSION 
P EXCRETION K EXCRETION 
MAINLY DERIVED FROM TIMES GREATER 
PROTOPLASMIC BREAK-DOWN THAN IF IT WERE DERIVED 


FROM PROTOPLASM 


THE RELATION OF NITROGEN LOSS TO INORGANIC PHOSPHORUS 
AND POTASSIUM LOSS IN PATIENT MR GIVEN ACTH 











NB. CHANGES IN FECAL EXCRETION SHOWN TO BE NEGLIGIBLE IN THE CASE OF 
NTROGEN ARE “ASSUMED” TO BE SUCH FOR PHOSPHORUS AND POTASSIUM AS WELL 


Fic. 16 


ACTH. The initial maximum increase amounted to ih m.Eq. per day in 
patient M.R., 9 m.Eq. per day in patient J.W., and 20 m.Kq. per day in 
normal subject R.P. (Figs. 9, 10, 11). The increase in potassium excretion 
was unaccompanied by an increase in the total nitrogen excretion in two 
cases (J.W. and R.P.). 

In an attempt to determine to what extent the increase in inorganic 
phosphorus and potassium excretion reflected the breakdown of body pro- 
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tein in patient M.R., appropriate calculations were made (Fig. 16 (54)). 
These suggested that, whereas the over-all increase in inorganic phosphorus 
excretion correlated closely with the breakdown of body protein, potas- 
sium excretion exceeded by five times the anticipated ratio. In this regard 
it should be noted that the increased potassium excretion occurred in con- 
junction with marked sodium and chloride retention analogous to changes 
observed following desoxycorticosterone administration (72). 


EFFECT OF AC.T.H. AND COMPOUND F. ON FASTING BLOOD SUGAR 
IN ADDISON'S DISEASE 
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Carbohydrate Metabolism: Fasting blood sugar levels rose slightly in all 
three individuals during a four to six day period on ACTH (Fig. 15). The 
mean increase in fasting blood sugar level during ACTH administration 
amounted to 26 mg. per cent in subject R.P., 31 mg. per cent in patient 
J.W., and 15 mg. per cent in patient M.R. Glycosuria was not observed in 
any instance. Following the withdrawal of ACTH, the fasting blood sugar 
level fell promptly in all three individuals to values somewhat below the 
pretreatment control. In all instances blood for fasting blood sugar deter- 
minations was drawn five to six hours after the administration of 10 mg. of 
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ACTH in order to minimize the possibility of an immediate hyperglycemic 
effect of ACTH or contaminants such as pituitrin. Patient M.F. with 
Addison’s disease showed no increase in fasting blood sugar level during a 
four-day period of ACTH administration. 

Crystalline Compound F was administered to a patient with Addison’s 
disease (M.N.) during a prolonged period of starvation in order to deter- 
mine whether such an individual who had failed to respond to ACTH was 
capable of responding to an 11-17-oxysteroid preparation (Fig. 17). Under 
control conditions there was a gradual fall in blood sugar level throughout 


EFFECT OF ACTH ON LEUKOCYTES 
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a thirteen-hour period. A similar fall in blood sugar level was observed with 
ACTH treatment. With Compound F therapy not only was the progres- 
sive fall in blood sugar prevented, but the level of blood sugar at the 
termination of the fast exceeded the preinjection level. 

Changes in Liver Glycogen: Liver biopsies were carried out in an attempt 
to determine what changes occurred in liver glycogen content under the 
influence of ACTH. Patient M.R., who was known to respond to ACTH, 
was maintained on a constant diet (C 250, P 90, F 60) under control con- 
ditions for three days prior to operation. Identical preoperative manage- 
ment was carried out in two instances, the first time under control con- 
ditions and on a second occasion following the administration of ACTH, 
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10 mg. every six hours for forty-two hours. In the control study glycogen 
determinations (31) done on three separate specimens of liver removed 
eight hours postprandially revealed a mean value of 6.5 Gm. per cent (wet 
weight) ; whereas three specimens removed under identical conditions fol- 
lowing ACTH treatment were found to contain 8.7 Gm. per cent of gly- 
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cogen. The fasting blood sugar values corresponding to the two liver 
glycogen biopsies were 74 and 104 mg. per cent respectively. 

Hematologic Changes: Following ACTH in the prolonged experiments the 
hematologic changes paralleled those observed following a single injection 
of 25 mg. of ACTH and are summarized in Fig. 18. A striking fall in circu- 
lating eosinophils was observed in the two individuals in whom they were 
studied by direct count. Following the withdrawal of ACTH, there was a 
prompt return to normal. In patient M.R. a prolonged and sustained fall 
in circulating lymphocytes was observed (Fig. 18); whereas patient J.W. 
and normal subject R.P. showed only a transitory depression with a grad- 
ual rise above preinjection levels. All three individuals showed a marked 
and sustained rise in neutrophils. 
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In patient M.F. with Addison’s disease none of these effects was ob- 
served except a slight and delayed fall in circulating eosinophils of 24 per 
cent with a prompt return to control levels after discontinuing the ACTH 
(Fig. 19). The absence of the typical eosinophil response in this patient 
correlated well with the absence of other changes and should be contrasted 
with the positive changes observed in patient J.W. and summarized in 
Fig. 20. 
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Antibody Titer: No definite rise in circulating antibodies could be demon- 
strated following ACTH administration in a small group of human sub- 
jects. 

Following the administration of a single dose of 25 mg. of ACTH to two 
patients with latent syphilis no increase in the titers of a specific floccula- 
tion test (Hinton) was observed. No change in the titer of typhoid anti- 
bodies was noted in a patient given 25 mg. of ACTH who had been im- 
munized one year previously. No response was obtained following ACTH 
(single dose of 25 mg.) in the titer of mumps antibodies as determined by 
the complement fixation test in a patient who had had mumps several 
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years previously. An attempt was made to immunize patient M.R. with a 
_ pure pneumococcus Type I polysaccharide, and his precipitin titers were 

followed during and after the six-day treatment period with ACTH (40 mg. 
daily). Although there was a small rise in titer which persisted for approxi- 
mately one week following the administration of ACTH, it cannot be con- 
sidered significant. It should be noted that in this patient there was a 
sustained depression of the circulating lymphocytes and a borderline in- 
crease in gamma globulins.” 


CHANGES IN URINARY SODIUM AND CHLORIDE EXCRETION FOLLOWING ADMINISTRATION OF ACTH 
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Changes Suggesting Alteration in the Secretion of Desoxycorticosterone- 
Like Steroids 


During ACTH administration there was a small increase in body weight 
and a striking decrease in sodium excretion in all three individuals. The 
latter amounted to 80 per cent in patients M.R. (Fig. 9) and J.W. (Fig.10) 
and to more than 40 per cent in the normal male R.P. (Fig. 11). The 
changes in urinary chloride excretion paralleled those of sodium but were 
considerably less in magnitude (Fig. 21). Following withdrawal of ACTH 
there was a marked sodium and chloride diuresis in which the increased 
excretion closely approximated the total quantity of these electrolytes re- 
tained during the period of ACTH administration. It is probable that the 
changes in sodium and chloride excretion in the urine actually reflect bal- 


2 The authors are indebted to Dr. Joseph W. Ferrebee for carrying out some of the 
immunological studies reported. 
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ance changes, since in two patients a study of fecal chloride excretion 
showed only insignificant changes during the period of ACTH administra- 
tion. The prompt reduction in sodium excretion with ACTH treatment, 
the magnitude of the change, and the ‘‘rebound” phenomena during the 
withdrawal period are analogous to changes observed with synthetic des- 
oxycorticosterone treatment (72). This analogy is further supported by 
the transitory increase in urinary potassium excretion which occurred in 
all three individuals in association with sodium and chloride retention 
which greatly exceeded the relative quantities of nitrogen and inorganic 
phosphorus excreted during the same period. 

Changes in the serum level of sodium, chloride, and carbon dioxide com- 
bining power were followed throughout the experimental periods (Table 
14), There was a tendency for serum carbon dioxide combining capacity to 
be increased at the expense of chloride, a change similar to that observed 
in certain patients with Cushing’s syndrome (14). 

It is conceivable that increased adrenal androgen secretion might have 
contributed to the over-all retention of sodium and chloride (68), although 
with substances such as testosterone, potassium, inorganic phosphorus, and 
nitrogen are retained in addition to sodium and chloride, and the shifts in 
electrolyte balance are not nearly so rapid nor so great as those observed 
with desoxycorticosterone. 

The retention of sodium and chloride which occurred with repeated in- 
jections of ACTH is to be contrasted with the increased excretion which 
was observed during a four-hour period following the single injection of 
25 mg. of ACTH. Whether the increased sodium and chloride excretion 
observed in the short experiments reflects a preponderant secretion of 17- 
oxysteroids during the early phase of the increased adrenal cortical secre- 
tory activity cannot be stated at this time. 

Patient M.F. with Addison’s disease showed neither a significant sodium 
and chloride retention during four days of ACTH administration (40 mg. 
per day) nor a rebound sodium and chloride excretion following withdrawal 
of ACTH. 

To determine with greater certainty that contaminating substances were 
not responsible for the retention of sodium and chloride, patient M.R. was 
given one unit of pituitrin as a substitute for 2.56 mg. of ACTH every six 
hours at a time when this patient was showing sodium and chloride reten- 
tion under the influence of ACTH. On this regimen sodium excretion in- 
creased while the urine volume remained essentially the same, demonstrat- 
ing that quartities of posterior pituitary extract much larger than those 
contained in the ACTH were not primarily responsible for the sodium and 
chloride retention observed in patient M.R. This was further corroborated 
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by studies on the normal male subject R.P. who was given pituitrin, two 
units intramuscularly every six hours, following a control no-treatment 
period. No retention of sodium occurred over a three-day period with pi- 
tuitrin in contrast to a 40 per cent retention of sodium with ACTH con- 
taining approximately one-half this quantity of pituitrin. 

_ These findings taken together suggest that the marked sodium retention 
which followed ACTH administration in the presence of adequate adrenal 
response was probably mediated through the liberation of desoxycorti- 
costerone-like factors. 


DISCUSSION 


The ACTH preparation used in this study proved to be physiologically 
active as indicated by the marked hematologic and metabolic changes 
which were observed following a single dose of hormone as well as after 
prolonged administration. The fact that the magnitude of the response did 
not change with repeated administration of the hormone at two to three 
week intervals suggests that antihormone formation had not taken place 
in these relatively short-term experiments. Continued or repeated stimula- 
tion by ACTH or adrenal cortical hormone administration, however, 
tended to diminish the responsiveness of certain end organs. This condition 
appears to be similar to that observed by Page et al. (3) in hypophysecto- 
mized rats made hypertensive with ACTH and should be differentiated 
from inactivity due to antihormone formation. 

Dougherty and White (23) established the lympholytic action of adrenal 
cortical secretions by demonstrating the activity of 11-17-oxysteroids in 
adrenalectomized mice and of ACTH in intact animals. These findings 
were subsequently shown to apply to man by Thorn e¢ al. (70), Hills et al. 
(33), and by Darrow and Hellman as cited by Dougherty and White (21). 
Nordenson (49), however, failed to demonstrate any hematologic changes 
whatsoever following the administration of ACTH in the human. 

In an earlier report (70) the authors observed that the fall in circulating 
eosinophils was more pronounced and more consistent following the ad- 
ministration of ACTH than was the change in lymphocytes. Furthermore, 
with continued administration of ACTH the eosinophil level remains low 
throughout; whereas the lymphocytes tend to rise after an initial depres- 
sion. It is possible that the more precipitous and sustained fall in circulat- 
ing eosinophils as compared to lymphocytes is due to the relatively small 
body reserve of the former in contrast to the large quantity of lymphoid 
tissue. Thus, with the elaboration of a given amount of hormone, it might 
be possible for lymphoid tissue to compensate more effectively for an initial 
depletion of circulating lymphocytes. 

Neither a fall in circulating eosinophils nor in lymphocytes was ob- 
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served in patients with Addison’s disease given ACTH. Compound F, 
however, had a very specific effect in producing these changes. Compound 
A and desoxycorticosterone were inactive in the dosage used. 

The site and the mechanism of eosinophil and lymphoid destruction has 
not been established in the human. The authors’ observations suggest that 
neither the spleen nor the thymus is responsible for the destruction of 
circulating eosinophils and lymphocytes. By analogy with animal work the 
site of lympholysis probably lies within the fixed lymphoid tissue (22). 

In accordance with the findings of Dougherty and White'in mice (23) 
the neutrophilia following ACTH administration in man was found to be 
partly nonspecific, the magnitude of change in patients with Addison’s 
disease being approximately one-half that observed in normal subjects and 
patients with adequate adrenal reserve. 

The hematologic changes observed following the injection of ACTH, 
characterized by a fall in circulating lymphocytes and eosinophils with a 
rise in neutrophils, appear to be similar to the blood picture described by 
de la Balze et al. in patients with Cushing’s syndrome (7). 

In the experiments reported, 17-ketosteroid excretion following ACTH 
increased to high normal levels and was accompanied by clinical evidence 
of increased androgen secretion.” 

A five to tenfold increase in 11-oxysteroid excretion was observed, rising 
to levels comparable to those found in patients with Cushing’s syndrome 
(65). Marked metabolic changes accompanied the increased excretion of 
these steroids. 

There was a consistent increase in the urinary excretion of uric acid; 
whereas total nitrogen excretion rose in only one of the three patients 
studied. The discrepancy between the effect on the excretion of purines as 
opposed to that of nitrogen closely parallels the findings of Babad in rats 
treated with whole adrenal cortical extract (6). It also confirms the previ- 
ous findings in man (30) that 11-oxysteroids tend to increase urinary uric 
acid irrespective of the changes in total nitrogen excretion, a fact also noted 
by Pincus under conditions of stress (53). Since the maximum increase in 
uric acid production coincides with the greatest depression of circulating 
lymphocytes, it appears probable that the origin of the uric acid lies in the 
nuclear material of the lymphoid tissue. It is unlikely that the eosinophils 
contribute materially to the total increase in uric acid because of their small 
number and relatively low content of nucleoprotein. 

Changes in carbohydrate metabolism included a rise in fasting blood 
sugar level and liver glycogen content. The over-all increase in endogenous 





3 It is recognized that 17-ketosteroids estimated by the Zimmermann reaction may 
include 3 and 20-ketosteroids as well. This is made unlikely under the conditions of 
these experiments by the findings of Mason et al. (47). 
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carbohydrate formation and decreased utilization were similar to the 
changes found by Ingle et al. (35) and Bennett and Li (9) working with 
forced-fed and diabetic rats respectively. The source of the additional carbo- 
hydrate in man remains obscure. 

A lowered serum albumin with a variable rise in globulin has been de- 
scribed in patients with Addison’s disease (48) and in adrenalectomized 
animals (32, 39). This pattern in man was reversed by the administration 
of whole adrenal cortical extract. In rats with intact adrenals Li et al. (42) 
have recently shown a rise in serum albumin with a reciprocal fall in globu- 
lin following the administration of ACTH. These changes are comparable 
to those observed in patient M.R. in the present study. 


TABLE 15. AcTION oF STEROIDS ON RENAL EXCRETION 
OF SoDIUM AND PorTassIUM 








Types of Steroids Predominant action on the kidney 





Sodium Potassium 





’ 


Desoxycorticosterone “‘salt hormone’ 





11-17-oxysteroids ‘‘S” hormone Increased Excretion Increased Excretion 





Retention Retention 


| 
| 
| 
| 
| 


Retention | Increased Excretion 


Androgens ‘‘N”’ hormone 





White and Dougherty (77) reported an increase in gamma globulin and 
antibody titer following ACTH administration in rabbits. Li and Rein- 
hardt (42) have failed to confirm these observations in rats. In the present 
study the authors obtained no significant increase in gamma globulin in 
two human subjects treated from four to six days with repeated injec- 
tions of ACTH in spite of greatly increased 11-oxysteroid secretion. 

In addition to the evidence of increased elaboration of androgens and 
11-oxysteroids following ACTH administration, a rise in the secretion of 
desoxycorticosterone-like factors was suggested by a marked sodium and 
chloride retention followed by a “rebound”’ excretion upon the withdrawal 
of ACTH. There was a definite variation in the degree of sodium retention 
in different subjects. 

It is well established that the predominant action of desoxycorticos- 
terone on electrolyte metabolism consists of sodium retention with in- 
creased potassium excretion (72) and that the administration of 11-17- 
oxysteroids induces increased excretion of both sodium and potassium (69) ; 
whereas the androgens effect a simultaneous retention of both sodium and 
potassium along with phosphorus and nitrogen (68). On the basis of the 
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differential effect of these three types of steroids on the renal excretion of 
sodium and potassium, it should be possible to deduce the type of adrenal 
cortical hormone activity predominating at a given time (Table 15). For 
example, the retention of sodium in the presence of increased excretion of 
potassium indicates excess desoxycorticosterone-like action; whereas the 
increased excretion of both sodium and potassium is compatible only with 
predominant 11-17-oxysteroid action; conversely the retention of sodium 
and potassium suggests a predominance of androgenic activity. 

It is of interest to note that following a single injection of ACTH a 
diuresis of sodium, potassium, and chloride was consistently observed as 
related to endogenous creatinine excretion. These changes suggest a pre- 
dominant 11-oxysteroid effect. In contrast, the retention of sodium and 
chloride in the long-term experiments favors an over-all predominance of 
action of desoxycorticosterone-like factors. Variations in the degree of 
sodium retention might also be explained on the basis of these postulates. 

The preparation of ACTH used in the present studies was not an homog- 
enous protein as was the case with Li’s material employed by Mason et al. 
(47), although its adrenocorticotropic activity as measured by assay on 
hypophysectomized animals was of the same order of magnitude as that of 
Li’s preparation. Whereas the authors’ findings of increased urinary excre- 
tion of adrenal steroids with ACTH administration are fully confirmed by 
the findings of Mason e¢ al. using Li’s preparation, the absence of any sig- 
nificant hematologic and metabolic changes in the latter experiments are 
at variance with the authors’ findings. Of particular note is the complete 
absence of sodium and chloride retention in their studies. The apparent 
discrepancies between the two groups of experiments could be due to one 
of several possibilities: 

1) That contamination in the preparation used in the authors’ studies 
might have been responsible for the profound fall in renal excretion of 
sodium and chloride. Control experiments indicated that the posterior pi- 
tuitary contaminants could not be indicted, although the possibility that 
some as yet unrecognized contaminant exerted this effect has not been 
ruled out. The absence of any significant response in patients with Addi- 
son’s disease makes this rather unlikely. 

2) That the choice of patients might have conditioned the response. It 
is unlikely that this was the only factor, since a positive response was ob- 
served in three types of individuals, a young normal male, a middle-aged 
pituitary-deficient male, and a young undernourished female. 

3) That the species difference in the origin of the two extracts or the 
difference in the methods of preparation might have been responsible for 
the variations in activity. 
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4) That the high degree of purification of the preparation employed by 
Li et al. (41) might possibly have led to inactivation or loss of a particular 
portion of the activity of the original extract. 

The demonstration of a multiple stimulating action of ACTH involving 
the three major functions of the adrenal cortex is at variance with current 
concepts, such as Albright’s (1), allocating to ACTH the stimulation of 
carbohydrate-regulating factors and to anterior pituitary luteinizing hor- 
mone the stimulation of androgenic cells of both cortex and testes. The 
authors’ observations would also tend to disprove, for man at least, the 
well-documented fact that in the rat (20) desoxycorticosterone-like factors 
are produced in the glomerulosa which is itself not under pituitary control. 
This might explain also why Ingle found an increased sodium loss in rats 
given ACTH (35), in contrast to the sodium retention noted in the three 
subjects given prolonged ACTH treatment. 

The minimal response of patients with Addison’s disease to the adminis- 
tration of ACTH suggests that the changes brought about by the prepara- 
tion used were mediated through the adrenal cortex and did not represent 
a direct action of ACTH on end organs, particularly since these patients 
proved capable of responding to direct adrenal steroid therapy. In indi- 
viduals with an intact pituitary gland it is, of course, possible that part of 
the effect observed following the injection of ACTH may be due to in- 
creased adrenal steroid secretion accompanying an alarm reaction pro- 
voked by the intramuscular injection itself or by any of the constituents 
of the hormone preparation. Conclusive proof that the changes observed 
are due solely to direct adrenocorticotropic action of the material injected 
could be obtained by a study of patients with pituitary insufficiency of 
recent origin only, since animal studies have shown (45) and the authors’ 
findings suggest (Table 9) that persistence of hypophyseal deficiency for 
any appreciable period results in irreversible atrophy of the adrenal cortex 
and hence diminished response to ACTH. Reasons for believing that the 
changes observed in these studies were due largely to the direct action of 
the ACTH preparation on the adrenal cortex are: 

1) The striking hematologic and metabolic changes following the injec- 
tion of small quantities of the ACTH preparation (10 to 25 mg.). 

2) The limited effect in normal individuals of relatively large quantities 
of contaminating posterior pituitary factors. 

3) The relative ineffectiveness in normal subjects of the injection of 
specifically inactivated ACTH (43).™ 





4 Thirty mg. of ACTH 13-10-6 was dissolved in 7.5 cc. of 0.3 M sterile phosphate 
buffer pH 7. Five-tenths cc. of 0.1 N iodine was added, and the preparation was al- 
lowed to stand at 22°C. for one hour; then 3 drops of 0.3 M sodium sulfite were added 
to decolorize the solution. At this point the denatured ACTH settled out as a fine sus- 
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The availability of an active ACTH preparation capable of stimulating 
the three principal types of adrenal cortical activity should afford an excel- 
lent opportunity to reproduce and study the so-called alarm reaction in 
man (59) in its pure form. 


SUMMARY 


1) A single dose of 25 mg. of ACTH administered intramuscularly to 
more than one hundred patients and normal subjects was well tolerated. 

2) Profound hematologic changes occurred following the injection of 
ACTH. The maximum effect was observed within four hours after a single 
dose of hormone and was characterized by a sharp fall in circulating 
eosinophils accompanied by a less spectacular and less consistent fall in 
lymphocytes associated with a somewhat nonspecific rise in neutrophils. 
Circulating eosinophils fell 74 per cent in fifty patients with presumably 
intact adrenals. In thirty patients with well-established Addison’s disease 
the mean fall was only 4 per cent. A normal eosinophil response could be 
elicited in patients with Addison’s disease given 20 mg. of Compound F; 
whereas Compound A and desoxycorticosterone were ineffective. 

3) A single dose of 25 mg. of ACTH was followed by an increased renal 
excretion of sodium, chloride, potassium, and uric acid; creatinine excretion 
remained constant or decreased. The maxinium effect appeared within four 
hours after hormone administration. For fifty subjects with intact adrenals 
the increase in uric acid-creatinine ratio amounted to 87 per cent; whereas 
in thirty patients with Addison’s disease the mean increase was only 16 per 
cent. Compound F (20 mg.) administered to patients with Addison’s dis- 
ease elicited a mean increase in uric acid-creatinine ratio of 48 per cent; 
whereas Compound A and desoxycorticosterene were relatively ineffective 
in this respect. 

4) A clear-cut differentiation between non-Addisonians and Addisonians 
was observed with respect to the fall in circulating eosinophils following 
the administration of ACTH, in contrast to the changes in uric acid- 
creatinine ratio which showed a considerable overlap. On the basis of these 
findings a simple clinical test for adrenal cortical reserve of 11-17-oxyste- 
roids was standardized. Its interpretation and limitations are discussed. 

5) ACTH was administered over a period of from four to six days to 
three subjects under control conditions. Hematologic and metabolic studies 
indicated that all known functions of the adrenal cortex appeared to be 
enhanced. 





pension. The material was given to a human subject by intramuscular injection, and 
on the following day a suspension of active ACTH 32-D was administered similarly. 
Response: Eosinophils showed a 65 per cent fall with the control ACTH and only 7 per 
cent fall with the denatured material; whereas the uric acid-creatinine ratio, which had 
risen 54 per cent, rose 33 per cent. 
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a. Increased adrenal androgen secretion was suggested by a rise in uri- 
nary 17-ketosteroid excretion. 

b. An increase in 11-oxysteroid secretion appeared probable on the basis 
of a rise in the urinary titer. Further evidence of increased adrenal 11- 
oxysteroid secretion was suggested by a rise in fasting blood sugar levels 
with an increase in liver glycogen in the one patient in whom it was studied, 
by a decrease in serum inorganic phosphorus with increased urinary excre- 
tion in two subjects, and by an increase in total nitrogen excretion in only 
one. A fall in circulating eosinophils and lymphocytes with a rise in uric 
acid-creatinine ratio was taken as evidence of an increased secretion of 
11-17-oxysteroids. No significant change in serum gamma globulin was ob- 
served in the two cases in which it was studied. 

c. An increased secretion of desoxycorticosterone-like factors was sug- 
gested by the striking sodium and chloride retention with increased potas- 
sium excretion and a small concurrent rise in serum carbon dioxide com- 
bining capacity. Following the withdrawal of ACTH there was a “‘rebound”’ 
sodium and chloride diuresis, closely approximating the retention previ- 
ously observed. 

d. A control experiment in which ACTH was administered to a patient 
with Addison’s disease in identical amounts under similar circumstances 
failed to show the changes noted above, suggesting that the adrenal cortex 
was essential for the response observed following ACTH administration. 

6) The possibility existed that contaminating substances in the prepa- 
ration of ACTH used in these studies might have acted as a nonspecific 
stimulant to the anterior pituitary and to the adrenal cortex. Control ex- 
periments with posterior pituitary extract, the major known contaminant, 
indicated that this factor could not have accounted for changes comparable 
in magnitude to those observed following the administration of ACTH. 
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CLINICAL ABSTRACTS 


R. P., P.B.B.H. $6A169 

A twenty-one-year old single male medical student in perfect health. 

P.H. is negative. 

P.E.—A somewhat obese young man with normal sécondary sex characteristics. 
Blood pressure 138/90 mm. Hg, temperature 98°, pulse 80, respirations 20. 
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Laboratory findings entirely normal. Twenty-four-hour 17-ketosteroid excretion 8.4 
mg.; 11-oxysteroid excretion 0.22 mg. 


M. R., P.B.B.H. #R3654. 

P.H. This forty-six year old married male had suddenly developed polyuria, poly- 
dipsia, and headache following a brief febrile episode some two years before the present 
admission. There was symmetrical diminution in visual fields. This was followed by loss 
of libido and gradual disappearance of body hair and other secondary sex characteristics 
and increasing weakness. There also was a history of gallbladder disease. 

P.E. on previous admission one year before the present study revealed blood pressure 
110/74 mm. Hg, temperature 94°, pulse 120, respirations 20. The patient was a well- 
developed, middle-aged white male. The skin was lemon-colored and of extremely fine 
texture, smooth and dry. There was complete absence of body hair, and both prostate 
and testes were very small. The thyroid could not be felt. The heart was.small to percus- 
sion. 

Laboratory findings: Average daily urine output 3000 cc., reduced by small amounts 
of pituitrin. Normal kidney function tests. Twenty-four-hour 17-ketosteroid excretion 
2.4 mg. Visual fields showed moderate peripheral constriction. X-rays of the skull re- 
vealed a ballooning of the sella turcica, which measured 16X18 mm. There were no 
signs of intracranial pressure. Air encephalograms failed to show any other signs of a 
localizing lesion. An electroencephalogram revealed slow waves without any focus. The 
heart was 17 per cent below the normal average. X-rays of the gallbladder revealed 
cholelithiasis. 

Treatment: The patient was given X-ray treatment to the sella turcica through three 
portals, 250 “‘r’’ per day in rotation, receiving a total of twelve treatments or 3000 “‘r.”’ 

Follow-up within three months revealed a decided decrease in polyuria and poly- 
dipsia. At the end of six months the urine output was approximately normal. The patient 
noted an increase in strength, there was a slight return of body hair, and the patient had 
to shave first once and then twice a week. The visual disturbance cleared up completely 
in short order. 

The patient re-entered the hospital one year later to have a cholecystectomy and was 
then subjected to the studies reported in this paper. On this admission the X-ray of the 
pituitary fossa showed no changes from that observed a year ago. The 17-ketosteroid 
excretion was 1.9 mg. per day, and the 11-oxysteroid excretion was found to be 0.25 
mg. per day. A Kepler-Power water test gave an A value of 17, which made this test 
strongly positive for adrenal cortical insufficiency. The B.M.R. was minus 8. Total 
cholesterol was 295 mg. per cent. 

Diagnosis: Chromophobe adenoma of the pituitary with diabetes insipidus and mild 
anterior pituitary deficiency. 

Cholelithiasis 


J. W., P.B.B.H. #5A60. 

P.H. This fifteen-year old girl entered complaining of weight loss of twenty-two 
pounds in six months, amenorrhea, anorexia, and fatigue. She had received repeated 
X-rays treatments for congenital hemangiomata in the past. 

P.E. Blood pressure 120/70 mm. Hg, temperature 98°, pulse 76, respirations 20. A 
very thin girl in no distress. Skin diffusely tanned with some definite areas of brown pig- 
mentation. There was a large hemangioma extending from the left back to the left upper 
abdomen. Moderate generalized adenopathy. Liver palpable one finger breadth below 
the costal margin. Heart small. 
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Laboratory findings essentially normal with the exception of a low twenty-four-hour 
17-ketosteroid excretion of 2.3 mg. and an 11-oxysteroid excretion of 0.55 mg. The 
B.M.R. was minus 26 per cent of normal. 

Course: Although the patient showed a normal response to the ACTH test for adrenal 
cortical reserve she was given a course of desoxycorticosterone injections, 5 mg. per day. 
On this regimen she gained weight and felt better than on interspersed periods with 
placebos. On a high caloric diet, her appetite improved, and she gained weight. 

Diagnosis: Anorexia 

? Mild adrenal insufficiency 


M.F., P.B.B.H. #K60760. 
P.H. This forty-nine-year old housewife with known Addison’s disease for six years 


entered with a story of weakness, anorexia, increasing pigmentation, and loss of pubic 
hair. She had been treated with three 125 mg. pellets of desoxycorticosterone acetate 
implanted once every year. Soon after the institution of therapy a diffuse enlargement of 
the thyroid was noted, her B.M.R. was found to be plus 4 per cent and she received 
various types of thiouracil intermittently especially after an intercurrent bout of cardiac 
failure three years before the present admission. 

P.E. Blood pressure 180/70 mm. Hg, temperature 99.6°, pulse 71, respirations 16. 
A well-developed, blue-eyed, fair-haired, rather large-boned woman in no distress. Skin 
showed diffuse light-brown pigmentation, marked pigmentation of elbows with a vi- 
tiliginous area over the thyroid: No axillary or pubic hair. No exophthalmos or lidlag. 
Thyroid symmetrically enlarged, firm, two and one half times normal size. Heart not 
enlarged. No murmurs. Liver palpable one finger breadth below the costal margin. 

Laboratory data: Only the following deviated from the normal: Hematocrit 38, white 
count 4,800, 34 per cent neutrophils, 60 per cent lymphocytes, 6 per cent eosinophils. 
Protein bound iodine 3.4 gamma per cent. B.M.R. (average of three detern inations) 
plus 3 per cent. Twenty-four-hour 17-ketosteroid excretion 2.8 mg. Eleven-oxysteroids 
0.12 mg. A standard ACTH test revealed no fall in the eosinophils and a 19 per cent rise 
in uric acid-creatinine ratio. 

Diagnosis: Addison’s disease 

?Hyperthyroidism 

N.B. It should be noted that a B.M.R. of plus 3 per cent represents hyperthyroidism in 
patients with Addison’s disease who normally show a rate of minus 18 per cent of 


normal. 


Miscellaneous Patients: 
The thirty patients with Addison’s disease presented in this paper have been followed 


in the medical clinic of the Peter Bent Brigham Hospital for more than one year with the 
exception of one case. The diagnosis was established by the finding of typical pig- 
mentation, small heart size in the untreated stage, low 17-ketosteroid excretion, and the 
occurrence of intermittent typical adrenal crises in about one-half of the patients. Nearly 
all of these were treated by the subcutaneous implantation of pellets of desoxycorti- 
costerone, and at the time of the ACTH administration most of them still had active 
implants, while a very few could no longer be considered to be deriving any desoxy- 
corticosterone from the old sites of implantation. Supplementary whole adrenal extract 
therapy was discontinued in those who were receiving it at least three days before the 


administration of ACTH. 
Fifty Non-Addisonians: A group of ten entirely normal subjects as well as forty sub- 
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jects with miscellaneous diseases were used. Cases suffering from renal insufficiency, 
hepatic insufficiency, or any known clinical state which might be associated with de- 
creased adrenal cortical function were rejected. 


ve 


10. 


Ma 


13. 


15. 


16. 
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We have shown that our procedure for the fractionation and photometric 
estimation of urinary estrogens (estrone, estradiol, and estriol) (7, 8) is 
capable of yielding quantitative information regarding the interconversion, 
destruction and elimination of single therapeutic doses of the natural estro- 
gens in (a) a normal human female, (b) a bilaterally ovariectomized human 
female and (c) a bilaterally ovariectomized, hysterectomized human fe- 
male (9). The present report concerns estrogen studies on the human male, 
which were made to establish a basis for work of a similar nature on human 
subjects with cancer of the prostate gland. However, our data on the bi- 
laterally orchiectomized human male should prove of broader significance 
since the influence of endogenous estrogen secretion, sensitive organs, cyclic 
phenomena, etc. which might further complicate studies of exogenous es- 
trogen metabolism in the human female, would appear to be reduced to a 
minimum. The human male has served for isolation and identification 
studies of the urinary metabolites of massive doses of the natural estrogens 
in human subjects (2, 3, 4, 5) but quantitative data on the fate of single 
therapeutic doses of the natural estrogens in the human male are not avail- 
able, to the authors’ knowledge. 


METHODS 


Two consecutive twenty-four hour urine specimens were collected im- 
mediately following administration of a single therapeutic dose of the 
estrogen (pharmaceutical preparations only were used). Each specimen 
was extracted and prepared for chromatography essentially as described 
by us (7) except that the residue from evaporation of the butyl alcohol was 
dissolved in 100 ml. of 1 normal sodium hydroxide and diluted with distilled 
water to 250 ml. volume. Thirty ml. each of concentrated hydrochloric acid 
and toluol (Toluene, C.P.) were added and the mixture boiled under reflux 
for twenty minutes. After cooling under running tap water, the mixture 
was extracted with ethyl ether as previously described (8), except that the 
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toluol was carried along in the ether extract. The estrogen content of each 
chromatographic filtrate fraction was calculated by means of our color cor- 
rection equation with the Kober reagent (8). A correction also was made 
for the average 30 per cent loss of estriol by our procedure. 

In those cases in which separate determinations of free (unconjugated) 
and total (free plus conjugated) estrogens were carried out, an isopropyl 
ether extraction of an aliquot of the combined forty-eight hour urine speci- 
mens was substituted for the butyl alcohol extraction. The urine aliquot 
was extracted three times by stirring with one-third volume of isopropyl 
ether. The combined ether extract was evaporated to 300 ml. volume and 
then extracted with 1 normal sodium hydroxide as described for the hy- 
drolyzed ethyl ether extract (8). A second urine aliquot was extracted with 
butyl alcohol, hydrolyzed, and prepared for chromatography as described 
in this report. 

We have found that the following modification of our chromatographic 
tube improved its performance. The sintered glass disc (medium porosity) 
was sealed in the chromatographic tube (13300 mm.) approximately 
10 mm. from the bottom end instead of in the inner joint of the modified 
adaptor. 


RESULTS 


Excretion of urinary estrogens following administration of single thera- 
peutic doses of the natural estrogens to the same individual. The urinary 
excretion data from a healthy bilaterally orchiectomized man, aged forty- 
seven years, is summarized in Table 1. At least one week intervened be- 
tween tests. It must be emphasized that our utilization of a color correction 
equation for the Kober reagent in urine with low estrogen content imposes 
an uncertainty factor of plus-minus 7 micrograms of estrone, plus-minus 10 
micrograms of estradiol, and plus-minus 5 micrograms of estriol per twenty- 
four hour urine specimen (8). In view of this limitation on the accuracy of 
our estrogen titers, many of the percentage distribution figures in Table 1 
(a-estradiol benzoate and dipropionate) can be only approximate, and in a 
few instances, such as that of ethinyl estradiol, are unwarranted. Further- 
more, our interconversion or recovery data from the equine estrogen mix- 
ture (Urestrin gelatin capsules, Upjohn) and the equine conjugated estro- 
gen mixture (Premarin tablets, Ayerst) cannot be utilized for any quanti- 
tative conclusions since the composition of these impure estrogenic mix- 
tures are unknown to us. We have not included in Table 1 our estrogen ex- 
cretion data from the administration of 1.92 mg. of estriol (oral) since there 
was no discernible conversion to estrone or estradiol. The estriol was recov- 
ered in the urine, however, in 20 per cent yield during the forty-eight hour 
post-ingestion period. As indicated by the data in Table 1, stilbestrol, 10.0 























Tas Le 1. Urtnary EsrroGen Excretion Data ON A BILATERALLY ORCHIECTOMIZED 
Man Fo..towineG SINGLE THERAPEUTIC Doses OF THE NATURAL ESTROGENS 








Estrogen Excretion 








Urinary Per- 
Estrogen Dose frac- First Second Total centage 
administered mg. ‘ane 24 24 distri- 
hours hours bution 
a-estradiol (tablets) 2.0 O 172 12 184 65 
(oral) D 60 4 65 22 
T 20 16 36 13 
252 32 285 
a-estradiol benzoate 1.66= O 20 23 43 56 
1.2D D 9 3 12 16 
T 9 13 22 28 
38 39 77 
a-estradiol dipropio- 2.5= O 11 14 25 37 
nate 1.8D D 8 17 25 37 
6 12 18 26 
25 43 68 
Ethiny] estradiol 1.0 O 3 2 
(oral) D 0 —5 
i 2 1 
5 —2 
Estrone in oil 2.0 O 106 40 146 58 
D 24 12 26 14 
6 5 34 37 71 28 
164 89 253 
Estrogen mixture 10 ,000 O 61 8 69 71 
equine 1.U. D 9 3 12 12 
oral d 9 7 16 17 
79 18 97 
Estrogen mixture 5.0°* O 95 17 112 30 
conjugated equine (oral) D 130 28 158 43 
4 70 28 98 27 
295 73 368 
Stilbestrol 10.0 O 4 0 4 
mg. D 0 8 8 
(oral) T 4 0 4 
8 8 16 











* O—Estrone; D—Estradiol; T—Estriol 


** Expressed as sodium estrone sulfate. 
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mg. orally, is not excreted in forms which react with the Kober reagent. 
This observation opens up promising possibilities for the study of endog- 
enous estrogen excretion in the pregnant female under treatment with 
stilbestrol. 

Comparison of urinary estrogen excretion following intramuscular injec- 
tion and oral administration of a-estradiol. Table 2 summarizes the urinary 
excretion data on a normal man following treatment with a 2.0 mg. dose of 
a-estradiol' (a) by intramuscular injection (in oil) and (b) by oral ingestion 
(tablets). There was rapid absorption of a-estradiol by both routes as indi- 
cated by the high excretion level during the first twenty-four hours follow- 


TABLE 2. COMPARISON OF URINARY EsTROGEN EXcrRETION FoLLOWING INTRAMUSCULAR 
AND ORAL ADMINISTRATION OF a-ESTRADIOL TO A NoRMAL MANn 








— 
| Estrogen excretion | 























. Urinary | iis | Per- 
Estrogen Dose frac- First Second Total | centage 
administered mg. tion* 24 24 | distribu- 
hours hours tion 
a-estradiol 2.0 O 141 | 34 175 55 
in oil D 85 | 15 100 32 
ee. 24 17 41 13 
250 66 316 
a-estradiol 2.0 O 234 23 257 65 
(tablets) oral D 67 14 81 20 
hy 33 | 26 59 15 
| | | 334 | 63 | 397 | 





* O—Estrone; D—Estradiol; T—Estriol. 








ing treatment. Furthermore, absorption from the digestive tract appears 
to be on a higher level as judged by the excretion levels, in contradistinc- 
tion to the generally recognized low level of estrogenic effect by this route. 
Obviously there are other factors besides absorbability which govern the 
tissue response. Inactivation by degradation to less estrogenically active 
forms does not seem to be remarkably different for the two routes, as 
judged by the lack of any significant variation in the percentage distribu- 
tion values. 

Comparison of urinary estrogen excretion data following administration 
of single therapeutic doses of the natural estrogens to male patients with 
and without extensive liver damage. Some data from a preliminary study 





1 The a-estradiol in oil used in this work was kindly furnished us by the Schering 
Corporation. 
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of the effect of extensive liver damage on the metabolism of therapeutic 
doses of the natural estrogens in human subjects is presented in Table 3. 
In these studies the two consecutive twenty-four hour urine specimens were 


TABLE 3. COMPARISON OF URINARY EsTROGEN EXCRETION FOLLOWING ADMINISTRATION 
oF SINGLE THERAPEUTIC DosEs OF THE NATURAL EsTROGENS TO MALE 
PATIENTS WITH AND WITHOUT EXTENSIVE LIVER DAMAGE 




















Estrogen : Estrogen 
Case mallets: Hpdealy- Denery eneiebion: Percentage 
no. iaheiinl | sis fraction per 48 hrs. distribution 
1} 2.0 mg. No O 158 69 
estrone D 70 31 
in oil di Fa. 0 
228 
1 Yes O 190 66 
2.0 mg. D 82 28 
estrone sy 17 6 
in oil 289 
1 2.0 mg. No O 538 71 
a-estradiol D 202 26 
(oral) T 22 3 
762 
1 2.0 mg. Yes O 478 69 
a-estradiol D 178 25 
(oral) 42 6 
698 
2t 2.0 mg. No O Gis as P 
eB AE D 9 —_ 24 hr. specimen 
in oil ‘ q 
2 2.0 mg. Yes O 144 46 
estrone D 69 22 
in oil T 103 32 
316 

















* O—Estrone; D—Estradiol; T—Estriol. 
+ Extensive liver damage (Laennec’s cirrhosis). 
t Bilaterally orchiectomized male with no evidence of liver damage. 


combined and the total forty-eight hour estrogen excretion titers before and 
after hydrolysis were determined, using separate aliquots of urine. Thus we 
have an index to the extent of estrogen conjugation as well as interconver- 
sion and elimination in the presence of liver damage. The seeming paradox 
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in the a-estradiol study of greater recovery of excreted estrogens before 
than after hydrolysis arises no doubt, in part at least, from the destructive 
features of the hydrolytic process. For comparison, we have included data 
from a similar study on a patient with bilateral orchiectomy for cancer of 
the prostate, but with no clinical evidence of liver damage. In this study 
the first twenty-four hour urine specimen was first extracted with isopropyl 
ether and then re-extracted with butyl alcohol. Each extract was treated as 
described under ‘‘Methods.”’ 


(4) Betrone (1000 microczrams) 





Percentage of Zatrone eluted by successive volumes of 20% methanol-bdenzene 











10.0 
20 ml. fractions 10.0 ml ml 10.0 ml. fractions 20.0 ml. 
fractions | bden- fractions 
zene 
1 2 3 & 5 6 7 8 9 10 11 12 13 14 
0 7.5 |37.5 27 9 6.5 4.5 2.5 3.0 1.2 |0.9 0.7 1.4 1.2 









































Estrone eluted 87,5% Estrone eluted 10.9% 











Betrone eluted 92% 





(3) deestradiol (1000micrograns) 





















































Percentage of d-estradiol eluted by successive 6% metha- 
volumes of 2,0% methanol-benzene nol benzene 

29.0 20.0 |100.0)20.0 

40 ml. al. 10.0 ml, fractions nl. al. al. 
fractions |frac- frac-|frac-|frac- 
tion tion |tion jtion 

1 2 3 % 5 6 ? 8 9 10 11 12 13 14 

0 0.7} 1.3 1.9 2.4 3.3 3.3 4.2] 4.8 [5,0 5.0 11.0 | 51.0] 1.2 

Estradiol 2.0% | 100 ml. addition 2% methanol-benzene = 41.0% 51.9} 1.2 














Fic. 1. Distribution of Crystalline Estrogens Added to Phenolic Residues fro:n 
24-Hour Urine Specimens (man) Just before Chromatography (A) Estrone (1000 micro- 
grams), (B) a-estradiol (1000 micrograms). 


Distribution of crystalline estrogens added to residues from twenty- 
four hour urine specimens (men) just before chromatography. We previ- 
ously have shown by chromatographic filtrate distribution studies (1) 
that our liquid chromatogram technique accomplishes satisfactory disper- 
sion of ternary mixtures of crystalline estrone, a-estradiol, and estriol so 
that it may be utilized for quantitative fractionation of estrogen mixtures. 
We now report two chromatographic distribution studies of single estro- 
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gens (estrone and a-estradiol) in the presence of the essentially estrogen- 
free phenolic-like residue from twenty-four hour urine specimens from men. 
Figure 1-A shows the percentage distribution of 1000 micrograms of crys- 
talline estrone in a liquid chromatogram which was extensively developed 
with consecutive additions of 2 per cent methanol-benzene. The presence 
of the phenolic residue appears to impose no unusual alteration in the cus- 
tomary distribution pattern. That is, the first 20 ml. filtrate fraction is 
estrogen-free and the succeeding 80 ml. contain 87.5 per cent of the es- 
trone which was added to the phenolic-like residue, whereas our routine 
practice of employing 100 ml. of 2 per cent methanol-benzene plus 10 ml. of 
benzene elutes 92 per cent of the added estrone. Perhaps the diffuse trailing 
boundary which is typical of most chromatograms accounts for the persist- 
ence of very small percentages of eluted estrone beyond the 110 ml. mark. 
Figure 1-B shows the distribution pattern for 1000 micrograms of a-estra- 
diol in the presence of a phenolic-like residue from a twenty-four hour hu- _ 
man male urine specimen. The first 100 ml. of 2 per cent methanol-benzene 
eluent contained only 2 per cent of the a-estradiol. Successive 10.0 ml. vol- 
umes of the same eluent (for a total of 100 ml.) contained surprisingly small 
amounts of a-estradiol (2 to 5 per cent). However, the feasibility of employ- 
ing more extensive elution with the 2 per cent methanol-benzene eluent, 
i.e., beyond the prescribed 100 ml., with the object of obtaining more 
strictly quantitative separation of estrone and a-estradiol appears contra- 
indicated. We routinely use aliquots of our phenolic-like residues in order 
to keep the suspected estrogen content of any one fraction less than 500 mi- 
crograms. 
DISCUSSION 


Evidence compiled in our studies on separate consecutive twenty-four 
hour urine specimens following single therapeutic doses of the natural es- 
trogens seems to indicate that both the oral and intramuscular routes are 
effective in delivering estrogens to the circulatory system. The conjugation 
of a-estradiol preparations for intramuscular injection so profoundly re- 
duces the rate and extent of elimination of estrogenically active forms that 
their estimation by our procedure, in 1 to 2 mg. doses, is of questionable 
value. It is surprising in this respect that the administration of 1.0 mg. 
of ethinyl orally leads to no measurable recovery in the forty-eight hour 
urine, of estrone, estradiol, or estriol. 

Although we can draw no conclusion regarding interconversion from our 
orally administered estrone preparations because of their indefinite com- 
position, there is unmistakable evidence of their ready absorption in both 
free and conjugated forms. It must be remarked that the high urinary titer 
of the estradiol fraction of the conjugated estrogen mixture (Premarin) 
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gave an atypical initial color (pink) with the Kober reagent. This same 
atypical Kober color has been obtained after subjecting aqueous solutions 
of the tablets to our procedure for fractionation and photometric estima- 
tion of urinary estrogens. It is similar to the initial Kober reaction ob- 
tained with equilin and equilenin and may therefore indicate the presence 
of these compounds in the estradiol fraction. Of the pure estrogen prepa- 
rations investigated, only a-estradiol and estrone in oil yielded amounts of 
excreted estrogens suitable for fractionation and photometric estimation 
by our procedure. 

Our preliminary observations on the capacity of the human male to 
metabolize exogenous estrogens in the presence of extensive liver damage 
clearly indicate that there is no impairment of the capacity for reversible 
estradiol to estrone interconversion. There is greatly reduced capacity to 
convert administered estrone and a-estradiol to estriol and almost complete 
failure of the capacity to conjugate these estrogens. As indicated by the 
data in Table 1, the excretion levels for intramuscularly injected estrone 
fall within normal limits, whereas the excretion levels for orally ingested 
a-estradiol appear to be from 2 to 3 times greater. These ebservations of 
exogenous estrogen metabolism in the presence of extensive liver damage 
in the human male in general parallel those of Schiller and Pincus (6) in 
their work with partially hepatectomized rats. However, they reported 
that the capacity to conjugate estrogens is not present in the normal male 
rat under any circumstances. Glass et al. (1) have reported an almost com- 
plete loss of capacity for conjugation of exogenous estrogen by male pa- 
tients with extensive liver damage but have also reported an almost (83 to 
86 per cent) complete recovery of estrogen on an activity basis. 


SUMMARY 


The human male metabolizes therapeutic doses of the natural estrogens 
in a manner similar to the bilaterally ovariectomized hysterectomized hu- 
man female. Estriol apparently is not converted to estrone or estradiol, 
estrone and a-estradiol are partially interconvertible, and injection of either 
leads to excretion of estriol also. The nature and amount of the estrogen 
excreted is influenced by (a) the vehicle in which the hormone is ad- 
ministered, (b) the route of administration, and (c) the nature of chemical 
conjugation of the administered hormone. Extensive liver damage does not 
prevent the reversible interconversion of estradiol and estrone but does 
greatly reduce the conversion of either to estriol and almost completely 
eliminates conjugation of the estrogen. 
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Y STUDYING vaginal smears, Stockard and Papanicolaou (7) were 

the first to establish the existence of cyclic changes in the desquama- 
tion of the vaginal epithelium in the guinea pig. Subsequently, many 
workers have extended these observations to other organisms, including 
the human, and have developed various technics for obtaining, fixing and 
differentially staining vaginal smears. Papanicolaou and Marshall (4, 5) have 
recently studied smears of the urinary sediment and were able to identify 
cancerous cells in cases with malignancy of the genito-urinary tract. Biot 
and Beltran (2) studied the relationship between ovulation and the num- 
ber of cells in smears of the urinary sediment. In related studies, they found 
an increase in the number of cells in such smears from patients with pros- 
tatic cancer who were treated with estrogenic substances. Cifuentes De- 
latte (3) described a mucous zone in the vaginal trigonum of women, the 
structural characteristics of which were similar to the vaginal mucosa. This 
zone was found to undergo a series of changes with respect to age. 

The purpose of this paper is to describe a method which we have de- 
veloped for making satisfactory smears of the urinary sediment, and to 
describe the characteristics of such urinary smears in the various phases 
of the sexual cycle of women. These urinary studies have been correlated 
with vaginal smears obtained simultaneously from the same patients. 


MATERIAL AND METHODS 


The first morning urine specimen was centrifuged and the supernatant 
fluid discarded. The sediment was then spread with a wire loop on a glass 
slide and fixed before complete drying occurred. As the study progressed, 
the method of obtaining the urinary sediment was simplified by eliminating 
centrifugation. The morning specimen was filtered through ordinary filter 
paper. When all but a small quantity of urine had been filtered, the paper 
was pierced with a loop in order to empty the funnel completely. The in- 
ternal surface of the filter paper was then rubbed with a loop and the ma- 
terial thus obtained smeared on a slide. While the slide was still damp it 
was immersed in the fixing fluid. 

The staining technic described by Shorr (6) was used. The slide was 
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dipped in alcohol-ether for a few minutes and then stained with the single 
differential staining solution for three minutes. The slides were then washed 
in running water and allowed to dry. 

In order to determine the source of the cells found in the urine sediment 
in several patients two methods have been carried out. One was to obtain 
the urine directly by introducing a catheter into only the meatus, in such 
a way as to collect the urine of all the urinary tract including the anterior 
urethra. It is important that the catheter should not be introduced more 
than 1 centimeter into the urethra in order to collect cells from the anterior 
urethra. 

The other method was to introduce into the anterior urethra, after 
carefully washing the region, a drop of a mixture of equal parts of glycerine, 
alcohol and physiologic sodium chloride solution by means of a ‘pipette 
and to recover that drop following a slight massage of the urethra. The 
drop was fixed and stained by the technic previously described. The 
smears thus obtained show the typical cells that will be described in this 
paper (Fig. 16). 

The results obtained with the first method indicate that the cells in the 
urine sediment arise from the urinary tract and are not vaginal cells washed 
out by the urinary stream. The second method shows that at least some of 
the cells which appear in the smears arise from the anterior urethra. 


RESULTS 


Smears of the urinary sediment are composed of the following elements: 

(a) Crystals and occasionally cylinders. 

(b) Bacteria. 

(c) Leukocytes and occasionally erythrocytes. 

(d) Mucus. 

(e) Epithelial cells, the morphology and staining properties of which are 

similar to those of the vagina. 
Changes in these elements were noted in the following conditions: 

Normal prepuberal girl: The urinary smear is characterized by the ab- 
sence of mucus and leukocytes and by the scarcity of small round cells. 
These small round cells have large nuclei similar to the deep “spinous 
cells” of the vagina (Fig. 1). 

Normal adult woman: Urinary smears from adult women usually contain 
many large cells. Their nuclei are small, round and dark. The cytoplasm 
stains pink or pale blue. These cells closely resemble the karyopyknotic 
and cornified cells of the vagina. In addition to this cell type, there are a 
few small, oval cells probably originating from the ureteral lining and 
from the kidney pelvis. There are also a few hooked or elongated cells 
which might have their origin in the vesical epithelium (Fig. 2). The smear 
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also contains mucus and leukocytes. These latter components have been 
found on occasions when they were also found in the vaginal smear (Fig. 3). 

Menopausal women: The smear of the urinary sediment from meno- 
pausal patients shows chiefly two kinds of cells. The first type of cell is a 
small, round cell containing a medium-sized, blue-staining nucleus. The 
second type is a larger cell, similar to that seen in normal, adult women 
except that it is slightly smaller in size and does not stain pink. Mucus and 





Fic. 1. Urinary sediment smear of a normal prepuberal girl. 


leukocytes are encountered in variable amounts (Fig. 4). As a whole, the 
sediment smear in menopausal patients is very similar to the vaginal smear 
(Fig. 5). In both smears, many kinds of transitional cells ranging from the 
estrogenic type to the atrophic type are found. 

Primary amenorrhea: These cases of primary amenorrhea were similar 
to those described by Albright (1) and by Varney (8) and others and were 
characterized by ovarian agenesis. The urinary sediment smear contained 
very few cells, and most of these were similar to the deep ‘‘spinous cells”’ 
of the vagina. The smears also contained mucus and leukocytes (Fig. 6). 
Vaginal smears (Fig. 7) prepared simultaneously from the same patients 
showed on the whole the same features that were found in the sediment 
smear. 

Women treated with estrogens: A patient with ovarian agenesis, proved 
by biopsy examination of the ovaries, was given estradiol benzoate (120 
mg.) by implantation. The urinary sediment and vaginal smear of this pa- 
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Fic. 2. Urinary sediment smear of a normal adult woman. 


tient before estrogenic therapy are shown in Figs. 6 and 7, respectively. 
Four days following implantation of the estrogen, the number of cells in 
the smear was appreciably increased. The size of the cells was greater and 
their medium-sized nuclei stained more intensely than before treatment. 





Fic. 3. Vaginal smear of the same normal adult woman (Fig. 2). 
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Fic. 4. Urinary sediment smear of a woman during menopause. 


Mucus and leukocytes were also present in increased amounts (Fig. 8). 
Ten days after implantation mucus and leukocytes had disappeared. The 
primitive cells had been replaced by a greater number of large pink-staining 
cells containing small nuclei (Fig. 9). Vaginal smears obtained simultane- 





Fic. 5. Vaginal smear of the same woman during menopause (Fig. 4). 
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Fic. 6. Urinary sediment smear of a case of primary amenorrhea. 


ously during estrogenic therapy (Fig. 10) showed a very close morphologi- 
cal parallelism with the changes described in the urinary sediment. Similar 
changes were observed (Fig. 11, 12, 13 and 14) in two patients receiving 
large doses of estrogens following a bilateral oophorectomy. 





Fic. 7. Vaginal smear of the same case of primary amenorrhea (Fig. 6). 
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Fic. 8. Urinary sediment smear of the same case of primary amenorrhea, four days 
after the implantation of 120 mg. of estradiol benzoate. 





Males: Smears of the urinary sediment of males show a few, small, blue- 
staining cells with rather large nuclei. Mucus and leukocytes were only 
rarely encountered (Fig. 15). 





. Fic. 9. Urinary sediment smear of the same case of primary amenor- 
rhea, ten days after the implantation. 
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Fic. 10. Vaginal smear of the same case of primary amenorrhea, 
ten days after the implantation (Fig. 9). 








Fig. 11. Urinary sediment smear of an ovariectomized patient, 
after treatment with large doses of estrogens. 
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Fig. 12. Vaginal smear of the same ovariectomized patient, after 
treatment with large doses of estrogens (Fig. 11). 








Fig. 13. Urinary sediment smear of an ovariectomized patient, 
after treatment with large doses of estrogens. 
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Fig. 14. Vaginal smear of the same ovariectomized patient, after 
treatment with large doses of estrogens (Fig. 13). 








Fig. 15. Urinary sediment smear of a normal adult man. 
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Fic. 16. Smear obtained from the anterior urethra of a normal woman. Typical 
cornified cells of different sizes. Large basophilic cells, some with pyknotic nuclei. 
Small cells.similar to the ones of the deep layers of the vagina. 
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CONCLUSIONS 


1) A simple, rapid method adaptable to office or clinic practice, of ob- 
taining smears of the urinary sediment in women is described. The ad- 
vantages with respect to speed and convenience of the patient of the uri- 
nary smear over the vaginal smear are obvious. 

2) Characteristic changes in morphology and in numbers of the cells 
in the urinary sediment were related to various phases of the sexual cycle of 
women. J 

3) The changes observed in the smears of the urinary sediment were 
found to parallel those seen in vaginal smears obtained simultaneously 
from the same patients. 

4) The effect of estrogens on the urinary smear was found to be the same 
as the effect on the vaginal smear, as indicated by studies on castrated 
patients or on patients with primary amenorrhea. 
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SOCIAL AND PSYCHOLOGICAL READJUSTMENT 
OF A PSEUDOHERMAPHRODITE UNDER 
ENDOCRINE THERAPY* 


RITA 8S. FINKLER, M.D. 
Newark, New Jerseyt 


HE intersex individual has always been a problem to himself and to 
his social group. Dr. Hugh H. Young’s fascinating monograph (8) 
covering all angles of the problem is a standard reference on the subject. 

Hermaphrodites are classed as pseudohermaphrodites (male or female) 
and true hermaphrodites (those who possess functional gonads of both 
sexes). We are here concerned with a male pseudohermaphrodite, that is, 
an individual who possesses male gonads, but whose external genitalia and 
other secondary sex characteristics are either of a female or of a mixed male 
and female pattern. Such individuals are usually brought up as girls be- 
cause of the absence of penile and scrotal development at birth. At puberty 
partial penile or scrotal development may occur and puzzle the person thus 
afflicted. 

The psychological pattern of these patients may be either male or fe- 
male; the majority of male pseudohermaphrodites reported in the literature 
had female psychological patterns and insisted on the removal of the ex- 
ternal genitalia, which interfered with their courtship, marriage and a full 
expression of their feminine drives (2-7). Our patient, however, although 
brought up as a girl, had a strong male psychological pattern and could not 
make adjustments in the female role. When his true sex was determined by 
exploratory laparotomy at age 21, and proper therapy initiated there was 
marked improvement in the psychological status of the patient. 


CASE REPORT 


Case History: W.D. age 21, single, was first seen on September 23, 1944 because of 
primary amenorrhea, lack of energy and endurance, attacks of tachycardia, vertigo and 
allergic tendencies. 

Family History: One brother two years older than the patient was operated on several 
times for hypospadias; the mother, a nervous individual, was preeclamptic with her last 
pregnancy; two male maternal! cousins (twins) are effeminate and have homosexual tend- 
encies. 

Past History: The patient had the usual diseases of childhood and numerous allergic 
manifestations. Previous operations: a left herniotomy was performed in 1938, a ton- 
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sillectomy in 1944 and a giant cell tumor of the right humerus was removed in 1941. 
Physical Examination: During the first examination the findings were as follows: 

height, 71 inches; weight, 1204 lbs.; pulse 84; blood pressure 120/76 mm.Hg.; measure- 

ment from crown of head to symphysis pubis 34 inches; from symphysis to base 37 





Fic. 1. Patient W.D. Age 21. Before therapy. Height 71 inches. Weight 120} pounds. 


inches (Fig. 1). A mild systolic murmur was heard in the mitral area. The sternum was 
deformed, showing evidence of an old rachitic process. 

The abdominal findings were normal. 

The pelvic examination revealed the presence of an enlarged clitoris measuring 43 
em. in length and 53 cm. in circumference; the urethra was at the base of the clitoris 
(Fig. 2). There was no scrotum; the labia were somewhat shrunken. The vaginal opening 
admitted one finger and measured 8 cm.; no pelvic organs could be palpated. The rectal 
examination did not reveal any evidence of a prostate. There was no evidence of testes 
either in the inguinal canal or in the labia majora. The pubic hair was scanty and of a 
feminine distribution; there was scanty axillary hair; there was no evidence of hirsuties 
on the face, trunk or extremities. The voice was of a fairly deep range. 
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Although the patient had been previously treated with estrogens by the family physi- 
cian, she strongly resented attempts to induce feminization. 

Two years previously the patient developed an emotional interest in a girl and began 
to feel the urge to assume a masculine role in this relationship. At that time she became 
aware of the presence of an enlarged clitoris. This discovery produced a psychic shock 
and the patient began to experience palpitations, dizzy spells, tinnitus, sudden black- 
outs, headaches, anorexia and insomnia. 





Fig. 2. Patient W.D. Note enlarged clitoris and vaginal orifice. 


Because of the patient’s strong wish to be recognized as a male, it was decided to 
carry out bio-assays, determination of 17-ketosteroids and vaginal smears in order to 
determine the patient’s true sex. The results of these studies were as follows: 1) Bio- 
assays of urine: The estrogen content in a 24-hour specimens was less than 5 m.u./L 
(normal, 5 to 60 m.u./L).! The pituitary gonadotropin content was 12.4 m.u./L (normal, 
0 to 50 m.u./L).? 


1 Estrogen. A 24-hour specimen of urine was hydrolyzed with 50 cc. HCl, extracted 
with 250 cc. of benzene and the residue taken up in sesame oil; } cc. was injected daily for 
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2) The 17-ketosteroids in urine measured 4.5 mg. per 24-hour specimen (normal for 
women, 4 to 12 mg.: normal for men, 7 to 14 mg.)* 

3) Dry vaginal smears showed an occasional small squamous epithelial cell of an in- 
fantile type. 

Bio-assay findings in other male pseudohermaphrodites have varied considerably. 
Novak (4) found the presence of estrogens, but no pituitary gonadotropin; Rubovits 
et al. (5) reported negative estrogen content, but positive pituitary gonadotropin; 
Mishell (3) and Witschi (7) found normal urinary estrogens and low pituitary gonado- 
tropin in théir patients prior to bilateral orchidectomy and the reverse after the opera- 
tion. All the above mentioned patients had female psychological patterns, although at 
operation there was no evidence of the presence of uterus, tubes or ovaries. Our patient, 
however, had no evidence of estrogen production, as evidenced by urinary bio-assay and 
vaginal smears, nor was these any evidence of feminine tendencies or mannerisms. 

Psychiatric conferences including analysis of dream material, carried out through the 
courtesy of Dr. Bernard Goldberg in order to determine the dominant psychosexual 
makeup of the patient, pointed conclusively to a predominantly masculine type of per- 
sonality. The ambitions for the most part were for masculine pursuits—to be a physician, 
a pilot or radio operator. The patient had shown inventive ingenuity and dexterity in 
designing and modeling. The patient was valedictorian of her class in high school, was 
head of the class at Teacher’s College and took a special course in engineering. In all 
studies, work and games the patient was always the leader of the group. The advice of 
the psychiatrist was to assist the patient in the strong wish to promote development of 
the male secondary sex characteristics and to assume the male status, which would be in 
harmony with the psychological makeup. 

The actual evidence of the true sex of the patient could be determined only by an ex- 
ploratory laparotomy with the histological section of the gonads. Since a laparotomy in- 
volves a certain amount of risk, it was decided to carry out a biological test, according 
to the recommendation of Diaz (1). In his report of a case of pseudohermaphrodism in a 
child aged 4, a therapeutic test was carried out consisting of the administration of chori- 
onic gonadotropin in a dose of 500 r.v. twice a week for five weeks. The principle of this 
test is based upon the well known fact that the chorionic gonadotropin stimulates the 
interstitial cells of the testes and results in the production of androgens. Androgens, 
secreted by the testes, cause an increase in the size of the male external genitalia. This 
result was obtained in the case reported by Diaz and helped in the determination of the 
patient’s sex. After conferring with our patient, it was decided to duplicate this thera- 
peutic test using larger dosages, because of the patient’s more advanced age. A short 
course of therapy was initiated and carried out over a period of six weeks using from 
1000 to 1500 1.v. of chorionic gonadotropin every other day by intramuscular injection. 
At the end of this course of therapy the clitoris became engorged and somewhat thick- 
ened; the vagina also became more elastic, roomy and moist. This suggested that male 
gonads were present somewhere in the body and responded to stimulation with chorionic 





3 days into adult castrated mice; readings were made by means of vaginal smears. 

2 Pituitary gonadotropin. The Venning and Brown modification of the original Zon- 
dek technic of alcohol precipitation and ether extraction was used; the residue was taken 
up in water and injected into immature mice. 

3 The determination was carried out by Dr. Konrad Dobriner of the Memorial Hos- 
pital, New York City, using the Callow modification of the Zimmerman test with the 
absolute alcohol method. 
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gonadotropin. The patient reported having erections from two to three times per week. 
The patient, however, was dissatisfied with the progress and especially with lack of gen- 
eral constitutional stimulation and insisted that the therapy be changed to substitution 
therapy with testosterone compounds. Although all indications pointed to a basically 
male individual, it was decided to obtain final proof by exploratory laparotomy. The pa- 
tient was subsequently operated on at the Brady Urological Institute by Dr. H. H. 
Young and Dr. H. J. Jewett and the following report was made: “Examination of the 
pelvic cavity disclosed an infantile testis on each side attached to the posterolateral 
pelvic wall by a vascular pedicle about 5 to 6 cm. long. Each testis was markedly hypo- 
plastic, smooth, soft and measured about 6 cm. in its greatest diameter. There was no 
sign of ovotestis or ovarian tissue. A piece of the left testis was removed for biopsy. 
No Millerian duct remnants were seen, and nothing identifiable as tubes or rudimentary 
uterus.” : 

Pathological report: ‘“The specimen consists of one piece, which is a biopsy of a left 
testicle weiging one gram. Microscopic: Section discloses incompletely developed semi- 
niferous tubules containing chiefly Sertoli cells. There is no evidence of spermatogenesis; 
there is marked hyperplasia of the interstitial cells. The peripheral portion of the section 
disclosed a dense connective tissue capsule. There was no evidence of ovarian tissue in the 
section.” 

Following the operation the patient received methyl testosterone orally in a dose of 
from 30 to 40 mg. per day for one month. This improved the patient’s vitality and 
spirits to a great extent and when therapy was temporarily discontinued, the patient 
experienced a sense of letdown and asked permission to resume the therapy. In order 
to achieve rapid progress in the growth and development of the secondary sex charac- 
teristics, the therapy was changed to intramuscular injections of testosterone propionate 
in a dose of from 100 to 150 mg. per week. There was a further increase of pubic hair and 
muscular development but growth of the genitalia was not very marked; however, the 
rectal examination revealed the presence of a small prostate. For the sake of convenience 
and economy, a change was made to oral medication, using methyl testosterone linguets 
especially prepared for sublingual use, because of the rapid absorption and utilization by 
this route. From 20 to 30 mg. per day was sufficient to equal the effect produced by the 
previous therapies. Oral and injection therapies were periodically interchanged and re- 
sulted in a gain in weight of 23 pounds, deepening of the voice, appearance of light fuzz 
on the upper lip, and an increase in muscular development. There was also a definite 
effect on the external genitalia; the clitoris gradually increased in length and circumfer- 
ence; there was an increase in pubic hair and a marked improvement in vitality and men- 
tal outlook. Erections occurred from two to three times a week and a yellowish emission 
was noted on several occasions. 

For the sake of convenience, it was decided to change the therapy to pellet implanta- 
tion, and on October 14, 1945, six testosterone pellets (450 mg.) were implanted. Further 
progress occurred in genital and muscular development and in the deepening of the voice. 
Although two pellets were later expelled, the favorable effects lasted four months, at 
the end of which time evidence of depletion was noted, such as a sense of physical ex- 
haustion, numbness of arms and legs, vertigo, and a decrease in the number of erections. 
The patient was advised to resume therapy with linguets in a dose of 15 mg. daily and to 
report for another implantation. The second implantation was carried out on March 4, 
1946, and 375 mg. of testosterone were implanted. At this time the patient definitely 
decided to change the legal status from a female to that of a male and to assume male 
attire. There were no difficulties in changing the legal status or the attire from the fem- 
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inine to the masculine, nor were there any serious difficulties in being accepted socially 
in the community as a male. The transition from female to male attire was not too ob- 
vious, because the patient always wore strictly tailored suits and mannish hair comb; 
the skirt was gradually changed to slacks and a ¢ coat; therefore, the change to man’s 





Fic. 3. Patient W.D. After testosterone therapy. 
Height 71 inches. Weight 151} pounds. 


clothes was not too abrupt. The patient expressed great relief and satisfaction in the 
change so ardently wished for in the previous two years. 

One more step remained to be achieved: a plastic operation was needed to free the 
fibrous bands which bound the clitoris-penis and prevented its development and free 
movement. This operation was carried out in May, 1946. 
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The effects of the last implantation were maintained by the methyl] testosterone lin- 
guets in a dose of 20 mg. per day. There was further deepening of the voice, further gain 
in weight (15} pounds) and an increase in the length and circumference of the penis 
(Figs. 3 and 4). There was also the development of a small prostate, the size of a walnut; 
no prostate was felt on original examination, nor was it noted by the surgeons during the 
laparotomy. 





Fic. 4. Patient W.D. After testosterone therapy and pelvic laparotomy. Note 
increase in pubic hair and increase in the size of the penis. 


Psychologically there was great improvement in emotional stability, and a change 
to a cheerful and hopeful outlook on life. The patient now feels as if he has come into his 
own fold and station in life, thereby justifying our decision to cooperate with his wishes 
to change the legal and social status as well as to enhance the masculine secondary sex 
characteristics. ; 

His increased physical and mental energies are stimulating him now to further studies 
and achievement and it is fully expected that he will continue to make progress and im- 
portant contributions to science. He is now practically free from the original complaints 
of attacks of tachycardia, spasm of the throat and black outs. These symptoms were 
present two years prior to initiation of therapy and during the early stages of treatment. 

In November 1946 it was decided to change the therapy once more from oral medica- 
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tion to pellet implantation for the sake of convenience. Eight pellets, each containing 75 
mg. were implanted at that time. 

The patient’s voice is now of a decidedly low masculine range and he reports a great 
improvement in energy and endurance in his work and studies. There is an increasing 
sense of security and social adjustment; emotional adjustment is yet to be achieved, 
since the patient feels somewhat insecure in his new position as a male. 


SUMMARY 


This case report deals with an intersex individual, aged 21, brought up 
as a female, who failed to develop the normal secondary characteristics of 
one sex at puberty, but whose psychological makeup was definitely of a 
masculine pattern. 

He was fairly content until the age of 19, when he developed a strong 
attachment for a girl and at the same time became aware of an enlarged 
clitoris. This discovery was somewhat of a shock and produced an emo- 
tional conflict resulting in symptoms of anxiety neurosis, which lasted for 
over two years until a thorough investigation revealed the individual to be 

“unfinished male.” 

The psychological analysis revealed the patient’s emotional development 
and drives to be predominately masculine, thus correlating the personality 
studies with the hormonal findings and the physical development. 

The subsequent treatment consisted of surgical procedures (laparotomy 
and later a plastic operation to free the bound down penis) and intensive 
testosterone therapy. This plan of treatment proved to be justified as the 
testosterone therapy enhanced the development of male secondary sex 
characteristics, and resulted in a marked improvement in the patient’s gen- 
eral health, energy and endurance. Psychologically there was a great im- 
provement in his outlook on life, and the patient is now stimulated to 
further study and achievement. 

As long as therapy is continued, the patient’s physical and psychological 
status continues to improve. Interruption of therapy for any appreciable 
length of time results in diminution of energy, endurance, and mental 
alertness. It is, therefore, evident that testosterone therapy must be con- 
tinued indefinitely in order to maintain the results achieved. 
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Letter to the Editor 








To THE EpiTor: 
ESTRADIOL MONOBENZOATE (M.B.) CRYSTALS* 


HE results in 22 patients with endocrine disorders which were treated 
in the Gynecological Clinic, Basle, between May 1946 and February 
1947 are described. 

Treatment with estradiol monobenzoate (M.B.) crystals was started on 
19 women, ranging in age from 40 to 56 years; and on 3 women, 24, 33 and 
38 years of age respectively. Various medicaments had already been tried 
therapeutically on most of the women, without success. 

As compared with earlier trials, all the women, with one exception, 
tolerated the injections without any side effects such as pain or swelling at 
the site of the wound. We believe the tolerance is solely due to the tech- 
nique chosen by us for the administration of the crystals. 

After disinfecting the outside right or left buttock with alcohol and 
iodine, a deep local anesthetic (about 5 cc. novocaine with 1 drop of ad- 
renalin 1:1000) is injected with a long needle. In order to avoid irregular 
wound surfaces, a passage is made after the anesthetic, by means of a 
puncture needle with a stilette. The stilette is then removed, and the 
syringe containing the crystals is attached to the cannula. After the in- 
jection, the stilette is once more pushed into the cannula so that the 
crystals which are still clinging to the sides of the cannula, are propelled 
into the crystal depot. By this method, the wound surface remains very 
small and the greater part of the crystals reaches the desired site of ad- 
ministration. 

With regard to the patients treated, there were 2 cases of preclimacteric 
ovarian deficiency; 4 women were in the menopause; 7 were castrated by 
roentgen ray and 9 were castrated surgically. The last group of castrates is 
particularly important, because it is just these cases that are refractory to 
any kind of therapy. The tabular survey (Table 1) shows the dosage and 
effect of the estradiol monobenzoate crystals in detail. All the patients 
tolerated the crystal administration well, with one exception. In this in- 
stance 25 mg. of 0.3-0.4 mm. crystals were injected and prolonged painful 
sensations and swelling occurred at the site of the wound. 

Although duration of effect was longest with a dose of 25 mg. in 0.2 to 
0.4 mm. size, no further tests as to side effects were made with this dose 
and size of crystals. 

Kstradiol crystals in doses of from 10 and 25 mg. (0.2 to 0.3 mm. size) 


_ * From the Department of Gynecology, Basle University, Basle, Switzerland. 
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SuMMARY OF CASES WITH DOSAGE AND EFFEcT oF ESTRADIOL 
MoNOBENZOATE CRYSTALS MEASURING FROM 0.1 To 0.4 MM. 








Age | 


Diagnosis 


Dosage 


Duration of 
Effect 








yrs. 
42 








Preclimacteric ovarian deficiency. 


Preclimacteric ovarian deficiency. 


Menopause: ovarian deficiency. 


Menopause: ovarian deficiency. 


Menopause: ovarian deficiency. 


Menopause: pruritus vulvae 


Roentgen ray castrate 
Roentgen ray castrate 
Roentgen ray castrate 


Roentgen ray castrate 


Roentgen ray castrate 


| Roentgen ray castrate 


Surgical castrate 











No effect 

14 days 

up to 3 weeks 
up to 2 months 


14 days 
about 6 weeks 


5 days 
about 12 days 


about 10 days 
3 months 

14 days 

about 4 months 


about 4 weeks 


3 weeks 
5 weeks 
6 weeks 


4 weeks 
2 weeks 


19 days 
7 weeks 
over 3 months 


3 weeks 
over 4 months 


about 10 days 
about 2 weeks 
5 weeks 

over 3 months 


3 weeks 
6 months 
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Duration of 








| 
Name | Age | Diagnosis Dosage Effect 
yrs. | img. mm. | 
B.G. 53 | Surgical castrate | 10 0.2-0.3 | 10 days 
| | 25 0.2-0.3 | up to 3 weeks 
LG. 42 | Surgical castrate | 10 0.1-0.2 | No effect 
| 25 0.1-0.2 | No effect 
| 10 0.3-0.4 | about 5 weeks 
| 
H.J. 51 | Surgical castrate | 25 0.20.3 | 4 weeks 
} | 
L.G. 50 | Surgical castrate | 10 0.2-0.3 | 2 months 
| 10 0.2-0.3 | 3 months 
| | 10* 0.3-0.4 | 33 months 
| | 25* 0.3-0.4 | about 6 months 
| 
| 
K.R. 50 | Surgical castrate | 10 0.1-0.2 | 14 days 
| ' 25 0.1-0.2 | about 10 weeks 
JS. 33 | Surgical castrate | 10 0.1-0.2 | 12 days 
25 0.1-0.2 | 3 weeks 
| | | 10 0.2-0.3 | 5 weeks 
J.Z. | 46 | Surgical castrate /10 0.3-0.4 | 2 months 
| | 
W.K. | 38 10 0.20.3 weeks 


| Surgical castrate 





* Pain for 2 weeks at the site of injection. 


TABLE 2. SUMMARY OF DURATION OF EFFECT OF EsTRADIOL MONOBENZOATE 
CrysTaLs MEASURING FROM 0.1 To 0.4 MM. 


l 
Number | 





Duration of Effect in Days 





— 
| 





| | 
of | Dose | Size of | rer Remarks 
Cases | | Crystal | Min. Max. | Average 
| mg. | mm. | 
8 | 10 | 0.1-0.2 Bites 14 8.8 2 failures 
6 .,.. 138. 4 .0.3-0.2 | 5 70 28.8 1 failure 
mee 10: |... B3-O0.2 | BR! a] 90 30.9 no failures 
ee won eee 71.4 no failures 
9 | 10 | 0.80.4 | 35 180 72.1 no failures 
1 | 25 | 03804 |; — | — 180 no failures 
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are best suited for treatment (See Table 2). Small crystals measuring from 
0.1 to 0.2 mm. do not produce an adequate effect. The Jarge crystals of 
0.3 to 0.4 mm. size necessitate a larger and thicker cannula. The 0.2 to 
0.3 mm. size in doses of from 10 to 25 mg. represent the most practical 
form of administration. 

The following advantages have resulted from the use of crystals for in- 
jections in estrogen therapy: 

1) There are fewer injections as compared with the usual method. 

2) In contrast to tablet medication, there is the guarantee that the hor- 
mone is administered without an overdosage. 

3) It is a simpler method than implantation and the dose is better con- 
trolled. 

It can be concluded that estradiol administered in the form of crystals 
is an important addition to our therapeutic equipment. 


Charles A. Joel M.D., Ph.D. 
Lugano-Cassarate 

Villa Bellosguardos 
Switzerland 

October 20, 1947 


he Book Review 


Ripp.e, Oscar. Endocrines and Constitution in Doves and Pigeons. Wash- 
ington, D.C., Carnegie Institution of Washington, Department of Ge- 
netics (Pub. 572). 1947. 


This study deals primarily with the outcome of an attempt to isolate strains or races 
of ring doves with diverse endocrine-associated traits through choice of 24 pairs of doves 
(from more than 200 pairs) whose reproductive performance and ancestry were known. 
Selection sometimes continued for two generations; inbreeding was sustained. Outcrosses 
provided many hybrid types and also further tests of the heritability of traits. Collection 
of data from all types was continued during 24 years. Of secondary importance are re- 
lated results obtained from 12 races of domestic pigeons and from 15 derived hybrid 
types; from them was developed a race of hermaphrodite-producing pigeons. Excep- 
tionally abundant data were obtained on the role of sex, hybridity, and race in heat 
production. 

The primary tests with doves successfully established races with the following traits: 
With or without sex difference in body weight; small or large thyroids; long or short 
intestines; high or low response to the hormone prolactin; larger or smaller pituitary 
glands; early or late sexual maturity in females; larger or smaller eggs; larger or smaller 
juvenile testes; high or low rate of heat production. Widespread genetic inequalities of 
individuals and races were thus demonstrated in this material. Most of these results 
are theoretically applicable to man, and thus provide cogent evidence for biological in- 
equality of human individuals, types, and races. 
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THE OVARIES 


GREEN-ARMYTAGE, V. B. SILBERSTEIN, F., AND WACHTEL, G. E.: The in- 
fluence of semen on the female reproductive organs, J. Obst. and Gynec. 
Brit. Emp. 54 (3): 324-339, 1947. 

The authors found injections of semen to have a follicle-stimulating effect in rats, 
mice and rabbits. These were given intraperitoneally or intramuscularly and also intra- 
venously in rabbits. The effects were obtained with human as well as with homologous 
semen.—R.A.C. 


SnalTH, L., AND WILLIAMSON, M.: Pregnancy after the menopause, J. Obst. 

and Gynec. Brit. Emp. 54 (4): 496-498, 1947. 

A 45-year old multipara, whose menstrual periods had ceased 3 years before, became 
pregnant and was delivered of a normal child. Although she had nursed her previous 
children, this time lactation failed completely. The literature of similar cases is reviewed. 
—R.AC. 


OBERMER, E.: Calcium and phosphorus metabolism in pregnancy (A survey 
under war and post-war conditions). First communication on the tem- 
peramental and emotional factor, J. Obst. and Gynec. Brit. Emp. 54 (4): 
432-442, 1947. 
This is the third of a series of communications and summarizes conclusions from all 

three. A daily minimal intake consistent with safety is held to be 1.5 Gm. for phospho- 

rus and for calcium 2 Gm. to the 8th month and 2.5 Gm. thereafter. Most adequate diets 
supply the above amount of phosphorus but not of calcium. In Britain a supplement of 

Calciferol is essential; 6,000 units during the first 6 months and 12,000 in the last 3 for 

placid women. For the highly strung, larger quantities are said to be necessary in virtue 

of the influence of the endocrines and autonomic nervous system on metabolic function. 

—R.A.C. 


Karnaky, K. J.: The effect of oestrogen (Stilboestrol) on the formed ele- 
ments of the blood in women, J. Obst. and Gynec. Brit. Emp. 54 (3): 
366-368, 1947. 


Stilboestrol had no apparent effect on platelet count, haemoglobin value or total 
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white cell count in 163 women receiving this drug in therapeutic doses over periods rang- 
ing from 1 week to a year. No purpura or other bleeding tendency was noticed.—R.A.C. 


Biaes, ROSEMARY AND Ross, EvizaBetH: The familial incidence of adrenal 
hypertrophy and female pseudohermaphroditism, J. Obst. and Gynec. 
Brit. Emp. 54 (3): 369-374, 1947. 

Case records are given of two female hermaphrodites born successively to normal 
parents who already had one normal female child. Death occurred in one at 6 weeks; 
in the other at 4 weeks of age, with symptoms reminiscent of Addisonian crises. At 
autopsy both had adrenals twice the normal weight for that age. The reports from the 
literature dealing with the familial incidence of female hermaphroditism and the oc- 
currence of males in the same families showing precocious puberty and male pseudo- 
hermaphroditism are detailed —R.A.C. 


THE ADRENALS 
WILHELM, S. F.: Roentgenographic delineation of the adrenal glands with 
the aid of laminography, Br. J. Urol. 19:85, 1947. 


The laminographic technique was found superior to simple films for visualizing the 
adrenal glands after perirenal insufflation with air or oxygen. Seventy cases were studied 
without deaths or serious sequelae.—R.A.C. 





ANNOUNCEMENT OF THE 1948 
MEETING OF THE ASSOCIA- 
TION FOR THE STUDY OF 

INTERNAL SECRETIONS 


The Thirtieth Annual Meeting of the Association for the Study of In- 
ternal Secretions will be held in the Palmer House, Chicago, Illinois, June 
18 and 19, 1948. 

The scientific sessions will be held in the Red Lacquer Room and regis- 
tration will be on the fourth floor just outside the Red Lacquer Room. The 
Annual Dinner will be held in the same room on Friday, June 18th at 7 
p. M. and will be preceded by a cocktail party, the location of which will 
be announced later. 

All members of the Association who plan to attend the Thirtieth Meeting 
are urged to make their reservations at once with the Palmer House, stat- 
ing the time of arrival and how long they plan to remain in Chicago. 

Nominations for awards and fellowships of the Association must be in 
the Secretary-Treasurer’s office by March 15, 1948. 

Those wishing to present papers should send title and four copies of a 
comprehensive abstract of not more than 200 words and suitable for pub- 
lication in the program to Dr. C. N. H. Long, 333 Cedar Street, New 
Haven, Conn., not later than March 15, 1948. 
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Nominations for Awards 


Three awards for meritorious work in endocrinology will be given at the 
next annual meeting of the Association. A special committee of five members 
of the Association chooses the recipients of these Awards, subject to ratifi- 
cation by the Council, and each member of the Association has the privilege 
of making one nomination for each award. 

Nominations for the Awards should be made on special application forms 
which may be obtained from the Secretary, Dr. Henry H. Turner, 1200 
North Walker Street, Oklahoma City 3, Oklahoma. All nominations, accom- 
panied by a statement of the importance of the nominee’s contributions to 
endocrinology and a bibliography of his most important papers with reprints 
if possible, should be sent to Dr. Turner’s office not later than March 15, 1948. 


THE E. R. SQUIBB AND SONS AWARD 


The E. R. Squibb and Sons Award of $1,000.00 was established in 1939. 
It was given in 1940 to Dr. George W. Corner; in 1941 to Dr. Philip E. Smith; 
in 1942 to Dr. Fred C. Koch; in 1944 to Dr. Edward A. Doisy; in 1945 to Dr. 
E. C. Kendall; in 1946 to Dr. Carl G. Hartman; in 1947 to Drs. Carl F. and 
Gerty T. Cori. No award was made in 1943. No age or special limitation is 
stipulated by the donor of the award. 


THE CIBA AWARD 


The Ciba Award, established in 1942, is given in recognition of the meri- 
torious accomplishment of an investigator, not over 35 years of age, in the 
field of clinical or pre-clinical endocrinology. In 1944 the Award was given 
to Dr. E. B. Astwood; in 1945 to Dr. Jane Anne Russell; in 1946 to Dr. 
Martin M. Hoffman and in 1947 to Dr. Choh Hao Li. The Award is for 
$1,200.00. If within two years of the date of the Award, the recipient chooses 
to use it to aid in working in a laboratory other than the one in which he 
normally is located, the Award will be increased to $1,800.00. 


THE AYERST, McKENNA & HARRISON FELLOWSHIP 


The first award of the Ayerst, McKenna & Harrison Fellowship was given 
to Dr. Samuel Dvoskin in 1947. The fellowship was founded in order to 
encourage investigation in the field of endocrinology rather than as an award 
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for work done. The amount of the fellowship is $2,500.00 annually. The nomi- 
nee must possess the degree of Doctor of Philosophy or Doctor of Medicine 
or their equivalent. It is suggested that no restriction be placed on age, but 
that preference be given to applicants who have recently completed the re- 
quirements for their Ph. D. or M. D. degree. The nominee must present evi- 
dence of scientific ability as attested by studies completed or in progress 
and/or the recommendation of responsible individuals; submit a program 
of proposed study; indicate one or more institutions where the proposed 
program will be carried out; submit statement of approval from the in- 
vestigators with whom he proposes to conduct his research; serve full 
time if awarded a fellowship. A small amount of time (10 to 15 per cent) 
may be allotted for course work or for participation in teaching, the latter 
purely on a voluntary basis. 








Postgraduate Course in 





The Postgraduate Committee of THE ASSOCIATION FOR THE 
STUDY OF INTERNAL SECRETIONS, under authority of its Council, 
announces a course of lectures and demonstrations in CLINICAL ENDO- 
CRINOLOGY to be held in LOS ANGELES at the BILTMORE HOTEL, 
FEBRUARY 23 to 28, 1948, inclusive. 

The faculty will consist of the most prominent investigators and clinical 
endocrinologists in the various branches of the medical sciences in the 
United States and Canada. 

It is the intent of the Committee that this course be a practical one of 
interest and value to both the GENERAL PRACTITIONER AND THE 
SPECIALIST. : 

A fee of $100 will be charged for the entire course and the attendance 
will be limited to 100. Registration will be in the order of checks received 
and will close on February 1, 1948. Should there be an insufficient number 
of applicants to warrant the course, the registration fee will be immediately 
refunded in full. 

Please make your application on your letterhead and forward, together 
with your check payable to THE ASSOCIATION FOR THE STUDY OF 
INTERNAL SECRETIONS, to DR. E. KOST SHELTON, CHAIR- 
MAN of the POSTGRADUATE COMMITTEE, 921 WESTWOOD 


BOULEVARD, LOS ANGELES 24, CALIFORNIA. 














Since satisfactory hotel accommodations are still difficult to procure on 
short notice in Los Angeles, especially during the winter season, it is sug- 
gested that all applicants MAKE THEIR RESERVATIONS EARLY. 


SOME LARGE HOTELS IN THE METROPOLITAN AREA OF 
LOS ANGELES: 


Alexandria Chapman Park Lankershim 
Ambassador Gaylord Mayflower 
Biltmore Hayward Town House 
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AMERICAN ASSOCIATION FOR THE STUDY OF GOITER 
VAN METER PRIZE AWARD 


The American Association for the Study of Goiter again offers the Van 
Meter Prize Award of Three Hundred Dollars and two honorable mentions 
for the best essays submitted concerning original work on problems related 
to the thyroid gland. The Award will be made at the annual meeting of 
the Association which will be held in Toronto, Canada, May 6th, 7th, 8th, 
1948 providing essays of sufficient merit are presented in competition. 

The competing essays may cover either clinical or research investiga- 
tions; should not exceed three thousand words in length; must be pre- 
sented in English; and a typewritten double spaced copy sent to the cor- 
responding secretary, Dr. T. C. Davison, 207 Doctors Building, Atlanta 
3, Georgia not later than February Ist, 1948. The committee, who will 
review the manuscripts, is composed of men well qualified to judge the 
merits of the competing essays. 

A place will be reserved on the program of the annual meeting for pres- 
entation of the Prize Award Essay by the author if it is possible for him to 
attend. The essay will be published in the annual Proceedings of the Asso- 
ciation. This will not prevent its further publication, however, in any Jour- 
nal selected by the author. 

T. C. Davison, 
Corresponding Secretary 


ON 
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AMERICAN COLLEGE OF 
PHYSICIANS RESEARCH 
FELLOWSHIPS IN 
MEDICINE 1948 
AWARDS 


‘Phe Board of Regents of the College, on the nomination of the Commit- 
tee on Fellowships and Awards, awarded six Research Fellowships in Medi- 
cine for the year beginning July, 1948, at their meetings in Philadelphia on 
November 22 and 23, 1947. The awards were made to the following phy- 
sicians. 


CHARLES GORDON CAMPBELL, M.D., C.M., Vancouver, B. C., Can. Dr. 
Campbell attended the University of British Columbia and is a graduate 
of the McGill University Faculty of Medicine, 1945. He interned in the 
Royal Victoria Hospital, Montreal, 1945-46, and has held appointments 
in the Vancouver General Hospital as Assistant Resident in Medicine, 
1946-47, and as Fellow in Cardiology, 1947-48. Dr. Campbell will under- 
take studies of the basic physiology of certain cardiovascular problems in 
the Department of Physiology of McGill University, under the supervision 
of Professor Hebbel E. Hoff. 


FRANK HERBERT GARDNER, M.D., San Bernardino, Calif. Dr. Gardner 
attended Northwestern University (B. S., 1941; M.D., 1944). He served as 
intern and Assistant Resident in the San Francisco Hospital, 1944—46, and 
as Senior Assistant Resident in the University of California Hospital, 
1946-47. Presently Fellow in Medicine in the Boston City Hospital, Dr. 
Gardner will conduct studies in the Thorndike Memorial Laboratory under 
the direction of William B. Castle, M.D., F.A.C.P., and Thomas H. Ham, 
M.D., F.A.C.P., of the mechanism and clinical application of the osmotic 
fragility test. 


SAMUEL P. Martin, M.D., Durham, N. C. Dr. Mar’:n’s premedical and 
medical courses were taken at Washington University, St. Louis, where he 
received the M.D. degree in 1941. He interned in the Barnes Hospital, 
St. Louis, 1942-43, and served there also as Assistant Resident in Medicine, 
1943-44. Dr. Martin served in the Army from 1944 until 1947. He is pres- 
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ently Resident in Medicine in the Duke University Hospital. With the 
aid of the Fellowship, Dr. Martin will undertake studies of bacterial me- 
tabolism in the Rockfeller Institute for Medical Research, New York, 
N. Y., under the direction of Dr. René J. Dubos. 


Preritz SCHEINBERG, M.D., Miami, Fla. Now Assistant Resident in 
Medicine in the Duke University Hospital, Dr. Scheinberg attended Em- 
ory University, where he received the A.B. degree in 1941, and the M.D. 
degree in 1944. He subsequently served as intern and Assistant Resident in 
Medicine in the Grady Memorial Hospital, Atlanta, Ga. Dr. Scheinberg 
served in the U. S. Naval Reserve, 1945-46. He will conduct an investiga- 
tion of cerebral circulation and peripheral vascular flow in normal and 
hypertensive persons in the Duke University Hospital under the direction 
of Eugene A. Stead, Jr., M.D., F.A.C.P. 


Lutru Lanut Uzman, M.D., Istanbul, Turkey. Dr. Uzman will conduct 
studies, now under way, with Dr. J. Folch-Pi, in the Départment.of Sci- 
entific Research of the McLean Hospital, Waverly Mass., on the isolation 
and characterization of brain proteins and their role in health, disease and 
senescence. Dr. Uzman received the B.S. degree from the University of 
Istanbul Faculty of Science in 1940. Following several years of study 
in the Medical School of that institution, he transferred to the Harvard 
Medical School and completed his work for the M.D. degree there in 
1946. He interned in the Boston City Hospital, Neurology Service, 1946— 
47, and has since held appointment as Assistant in the McLean Hospital. 


JoHN Martin WELLER, M.D., Ann Arbor, Mich. Dr. Weller completed 
his undergraduate studies at the University of Michigan in 1940 and re- 
ceived the M.D. degree from Harvard Medical School in 1943. He served 
as Medical House Officer, Peter Bent Brigham Hospital, Boston, from 
January to October, 1944; as Assistant Resident in Medicine in the Van- 
derbilt University Hospital, Nashville, Tenn., from October, 1944, to 
July, 1945. Since January of 1946, Dr. Weller has been Medical Resident 
in the Veterans Administration Hospital, Hines, Ill. Dr. Weller’s appoint- 
ment to the first Alfred Stengel Research Fellowship of the American 
College of Physicians will enable him to undertake, with Professor A. 
Baird Hastings in the Department of Biologic Chemistry of Harvard 
Medical School, studies concerning the ionic patterns of the intracellular 
fluids and their influence on enzymatic reactions; of acid-base balance in 
tissues other than skeletal muscle tissues. 





NATIONAL RESEARCH COUN- 
CIL GRANTS FOR RESEARCH 
IN ENDOCRINOLOGY 


The Committee on Research in Endocrinology, National Research Coun- 
cil, wishes to announce that requests for grants-in-aid during the fiscal 
period from July,1, 1948, to June 30, 1949, will be received until February 
29, 1948. Application blanks may be obtained by addressing the Secretary, 
Division of Medical Sciences, National Research Council, 2101 Constitu- 
tion Avenue, Washington 25, D. C. In Addition to a statement of the prob- 
lem and research plan or program, the Committee desires information re- 
garding the proposed method of attack, the institutional support of the 
investigation and the uses to be made of the sum requested. No part of any 
grant may be used by the recipient institution for administrative expenses. 

The Committee makes grants in aid of research in the general field of 
experimental and clinical endocrinology. However, applications for sup- 
port of research in the problems of sex in the narrower sense cannot be 
given favorable consideration, and investigators seeking support in this 
field should direct their proposals to the Committee for Research in Prob- 
lems of Sex of the National Research Council. The Committee on Research 
in Endocrinology, however, will continue to give consideration to the 
support of studies of the effect of sex hormones on non-sexual functions, 
e.g., on general metabolism and on the metabolism of steroid hormones. 





